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FOREWORD 


This report presents the results of studies of costs and efficiency in the 
operation of plants packing California fresh plums. Emphasis is given to the 
effect of plant size and length of operating season on costs and to determina- 
tion of the most economical work methods and equipment in each of the major 
stages of plant operation. The effect of type of container and method of filling 
on costs is given particular attention. 

The study was conducted cooperatively by the Agricultural Experiment Station, 
University of California, and the Market Organization and Costs Branch of the 
Marketing Research Division, Agricultural Marketing Service, U. S. Department of 
Agriculture. It is a contribution to Western Regional Research Project WM-19. 
Field studies on which the report is based were made in numerous California 
_ plum packing houses. This work was coordinated with experimental work on new 
containers carried on by the California Grape and Tree Fruit League in coopera- 
tion with an industry advisory committee and the U. S. Department of Agriculture. 

The author is indebted to many members of the industry for cooperation 
extended in the field studies and in particular to L. L. Sammet and other 
staff members of the California Experiment Station and the Agricultural Marketing 
Service for guidance in the study and in the preparation of this report. 


Tioget ‘Bist 


. afer oer” ™ Te ‘kee * e 7 '- - “em 
ert ot nsviy ef eiasiqi empl meeri sinxott is) on blosq ete to: softsasac 
-siimretebh of bes atcoc no qoesge Biiis1eqo Yo digrel bis este disi¢g to tsetis 

I r 


soften afd to dose ot Jneuateps bas eborigsm waow fentmondss teom See Yo note 
3 





ostts eT ° noite isd tagfo lo senste 


sNofsnsits wluobiusg reavig at ad 








Hae fa F205 G0 
roivsde. Sremtyecsd  feandigot s1s7oey hegovbueo sew yoite ori 
te: ‘onsxf atcoD bas so btsetasewO gerdesit edt bis .sinw tiled 4 ws fesapiau ” 
atid Oo topes: WTeO? DAS MOLFSS asset vexrsit Sos DiS _S LTTOLCL SY) 46 LI Leter Liu 
o-dnerrrsoed 2c. soi tigeris’ .notel flotessen acitedte 
.@f-H togfoxi Aovsseefi Lanofysdt oredes¥ os nottudintnos a st JT Setueiss tid 
SENTO votetign Gt oben sven Heed vad 








wan no slioy Issnsntyseqne Ho iwsbedera tb yoo ssw ittow ci 





en RN, ae a ee nesrelth” Pueee ca ee a Ad CMers | Punt rte oh er ae lh 
~pisgeoo ai sagsel tiet seat! bas ogeip sinioltiss sit ed nc he friss S1enkstnos 





sao kL 


% 1 oft Bae eedd tomes yvioeivia vyedaubar oe cddiw ott 








mo liste 10% Yistenbns 16, Stadmom yrser-ot batdebci 2k rottis odT 
tsiso baa senns2 .f .F og fuatiasq of bye-egibude BEBE? ode ane hebredes 


qatyodtel (scctlusivea off. bas ono reese doantiaegxd sinvot tla) edd to: exedmeam tate 





efdy ta i idateqetquadd 2b Soe ybore, odd mt -engeb tuy rot ook: 





PLUM PACKING COSTS AND EFFICIENCY: THE EFFECTS OF 
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PLUM PACKING COSTS IN RELATION TO PACKING METHODS AND TYPE OF CONTAINER 
by 
Dale G. Stallings!/ 


INTRODUCTION 


Most California fresh plums are packed in the standard four-basket crate. 
The container is complex and expensive, and packing labor requirements are high. 
These circumstances and the small capacity of many individual plants are impor- 
tant aspects of the relatively high costs of packing fresh plums. This. study 
is a contribution to industry efforts to reduce the material and labor costs of 
these operations. Although it emphasizes the effect of new-type containers and 
packaging methods on costs, other plant operations are also considered. 


Production, Utilization, and Returns in the California Plum Industry 


The location and organization of the California plum industry and some of 
the marketing processes for fresh plums provide a background for the packaging 
and plant efficiency studies that follow. 


Production and Location 


California produces over 90 per cent of the commercial output of fresh 
plums in the United States. Location of production within the state, as well as 
the usual harvest seasons, are given in Figure 1. Three principal producing 
areas are indicated. The San Joaquin Valley district (Area 1) contains 6 per 
cent, the Sierra Nevada foothills district (Area 2) 33 per cent, and the 
Sacramento Valley district (Area 3) 6 per cent of the total California plum 
acreage. The remaining acreage is distributed through other parts of the state. 

As indicated in Figure 1, maturity is earliest in Area 1, and total season 
length typically is greatest in this area. The period of peak operations--about 


five weeks--is roughly the same in all areas. 


1/ Agricultural Economist, Marketing Research Division, Agricultural Marketing 
Service, U. S. Department of Agriculture and Associate in the Experiment Station, 
University of California. 











Al 2TEOO: OMOAT MF 




























































. ; yj th 
‘ Fey - . Sila ia ADEE Hts Ce c 
| 
f 5 er w< re Da yt 
Sho =TUs Sau 1)! t 
’ dees re r a ee 
= {Hs it + zt in PIF +t ¢ a+ . 
reI a * s GH AG, Ice ; OEY 
"Ke a rode lk br Te Ons Sop 
Oris 8 F205 Soy Seu so Si 
STI OSLSNoD Cer iS ‘enotret 
: f 
abe id . ; 
t wrens “TT tel rE rs. forsouboss: 
Nh tart ead ches ane rae 4 cman dea pleenpaicrbatll atuas etal 
| 1 Mas Oe 8 Wier hs i 
¥. Sere oot ~ T4i¢ w syne ary tes ; 2 
4 £ ei 35 J , DEO Rad “ Ji ~ idoolyss WE 3a 
. 
F. 4 Peer [- 
4 ile sisfg bas 
«! - ae ee 
Gd noLtouboxr? 
isnt atasplneipsishicebapinclaicat’ 
7 
f ‘ + | ¢ bs pe f ere? 
54 < he i! J ’ 1 eee s 2022, Faq vu ASG oon Siro tris 
ye 
Pa | 2. = mt + - + t § Tre enn . - =| 4 ; “1 5 
ial at £ 1 LO NOISE 9G. 8 5SIG, Cad Sng Le Bats bo 
r~ l { Ture (1a j ? J Pel Leger 
‘ 7 a ‘ - San 7 nyse . : ae fg 
Pea . F ‘ a. \ oe + A . .* 
: ans | oa Pas p> Beta) fFosttet 2) Due ait 
7 ¢ ~ r ‘ f 
7 f j { ¥ 7 ? 24) }. * ¢ = ie 
frst tr) QO if S'ts Volis dT HF : 
~ = de m al : ¥ fc ee - ont hm o Sy - ~ 5 m royce 
7a 7 t Li} “ LangO TROY SIO £SIVSL Pe A282 SILI LCSN' yt 1! 9258755 
, F es ee : 
: ; it bateothat sd 
t : LOTS Bi 
t 


( 
és 
oO 
os 
Gt 
se 8 








fs Fra oie 0b tts 


FS 





. io Tramdirscel 
, sHBHMOTLIs? to 











USUAL HARVEST SEASON ~/ 


oy [sey [on [5 


LTT 
x 


Shaded areas represent peak harvest periods 









a. 
\ 
y 
' 
i 
{ 
t 
‘ 
I 
1 
! 
1 
1 
1 
i 






Ali Areas 


oduscacks 


a 
Leanne ee ork 






Area 1 


eat 










Areas 2 
esa a and 3 







1 dot = 200 acres 


Figure 1. Acreage Distribution and Usual Harvest Season for California Plums, 1953. 


Sources: 
Rock, Robert C., and A. D. Rizzi, The Where and When of California Fruit and Nut Crops 
(Berkeley: December, 1955), map 18. (California Agricultural Experiment Station Manual 20.) 
California Crop and Livestock Reporting Service, California Fruit and Nut Crops; Acrea > 
Production, Utilization and Value, 1909-1955 (Sacramento: State Print. Off. » July, i}, 
Pp. M-97. (U. S. Department of Agriculture, Agricultural Marketing Service, and California 
Department of Agriculture Special Publication No. 261.) 








For the years 195 to 1956, an average of 4,500 cars per year, containing 
approximately 1,000 crates per car, were shipped to out-of-state destinations. 
Of these, 1,700 cars were of the Santa Rosa variety, and 600 were of the Beauty 
variety, while the Duarte and President varieties accounted for 800 cars. 
Although these four varieties comprise the major share of the out-of-state move- 
ment, shipments of each of 11 other varieties in 1955 exceeded 5% cars. Although 
harvest volume peaks when the important varieties mature, the large number of 
varieties maturing at different dates effectively lengthens the packing house 
operating season. . 

As shown in Figure 2, Part A, there has been a downward trend in the bearing 
acreage of plums in the state for all varieties since about 1929. Yield per 
acre, however, has risen enough to result in a slight upward trend in total 


annual production during this period. 


Utilization 


Utilization of fresh California plums in the years 1925 to 1956 is shown in 
Part Bof Figure 2. During this period, about 95 per cent of total annual market- 
ings have been in fresh form. Of the total annual fresh shipments, 80 to 90 per 
cent were to out-of-state markets, mainly in the East and Midwest. With continued 
rapid expansion in California population relative to other states, the proportion 
of plums sold within the state has been increasing. However, the volume shipped 


to out-of-state markets will remain high. 


Growers' Gross Returns 


Growers! gross returns per ton at the first delivery point vary considerably 
depending primarily on the total season volume, national income, and the volume 
of competing fruits marketed. For most years prior to 1951, the returns to the 
grower for fresh plums shipped out of state exceeded the returns for those sold 
within the state, and in some years the difference was considerable. This dif- 
ference has been diminishing, however, and since 1951 the returns in one market 


have not been consistently better than the other. 
Nature of This Report 


This report gives the results of studies of costs and efficiency in the 


operation of packing plants for fresh plums. Least-cost methods in individual 
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Figure 2. Acreage, Production, Sales, and Grower Gross Returns 


for Fresh Sales of California Plums, 192)-1956. 


Source: California Crop and Livestock Reporting Service » California Fruit and 


ut Crops; Acrea Production, Utilization and Value, 1909-1 
State Print. Off., July, 1956), pp. 94-97. ( 


Sacramento: 


U. S. Department of Agriculture, 


Agricultural Marketing Service, and California Department of Agriculture 
Special Publication No. 261.) 
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operations and jobs are determined for varying plant sizes and length of opera- 
tion per season. Economies of large-scale operation are stressed and special 
emphasis is given to the effect on costs through the use of three different pack- 
aging methods: (1) place packing in the standard four-basket crate; (2) place 
packing in an experimental carton; and (3) bulk-fill methods of container filling, 


Description of Plant Operations 


The principal operations performed in plants packing fresh plums include re- 
ceiving field-run fruit and sorting it into different grades; receiving, assem- 
bling, and supplying packages and package materials to the packers; placing fruit 
in packages according to grade and size; loading the packages of fruit on trucks 
or railroad cars for shipment to market; and loading cull fruit on highway trucks 
for disposal. The sequence of these operations and the flow of products and 
materials in a typical plant are illustrated in Figure 3. 

A wide diversity of methods of operation and plant layouts exists in plum 
packing plants. An arrangement of equipment and floor space involving the selec- 
tion of commonly used methods is shown in the floor plan, Figure hee 


Method of Analysis and Sources of Data 


One of the principal objectives of this report is the estimation of total 
season costs in relation to output in efficiently organized plants operated at 
capacity rate. Efficient plants are those using least-cost methods and tech- 
niques from among those available. 

Comparison of costs with the different methods and types of equipment must 
take into account the level of both variable and fixed costs with each method 
in plants of given capacity. In regard to fixed costs, consideration must be 
given to the total use life and volume of output over which the investment cost 
may be distributed as well as to other expenses associated with ownership. This 
is conveniently done in terms of total costs per season, consisting of total 
season variable costs and an annual fixed charge for equipment. The latter is 
computed on the basis of a fixed percentage of original investment to cover 
depreciation, interest, fixed repair, taxes, and insurance. The depreciation 
allowance is based on estimated physical use life and varies to some extent with 
type of equipment. Annual cost rates used for the other categories of ownership 
expense are selected at levels considered to be approximately representative of 


cost rates experienced in plants of the type under consideration. 
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Figure 3. Process Flow Diagram For Plum Packing Plants. 
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Figure 4. Floor Plan For A Plum Packing Plant With Belt Packing-Lines, 
Basement Box Supply, And Empty Box Supply Conveyors Beneath 
The Packed-Fruit Conveyor. 
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Using the estimated variable and fixed costs, total season costs for selected 
lengths of season are computed for each alternative method of performing a par-. 
ticular operation. The method which gives the lowest total cost for any speci- 
fied rate of output is then selected. The procedure of estimating costs for an 
efficient plant is made easier by grouping the plant operations into a series 
of plant "stages" composed of closely related operations, where costs in a par- 
ticular stage can be considered independently of costs in any other stage. 

The various elements of cost are related primarily to the use of labor and 
supervision, equipment, buildings, container materials, and miscellaneous services. 
Most of the data for estimating quantities required of these factors with dif- 
ferent rates of output and methods of operation were obtained in engineering and 
accounting studies of a sample of packing plants and from data supplied by equip- 
ment manufacturers. These data were supplemented with information from earlier 
studies. Price and wage information for conversion of physical requirements to 
costs was also obtained from these atevebe a! Wage rates and equipment costs 
are, of course, an important factor affecting the cost of manual compared with 
mechanized methods. The cost comparisons and selection of least-cost methods 
in the following analyses are valid, therefore, only for the wage rates and 
equipment costs used. 

The plants studied included commercial houses and cooperatives packing for 
several growers as well as smaller ranch-pack operations and included a wide 
range of plant capacities.</ In the southern San Joaquin Valley, most of the 
plants packed grapes as well as plums, and some also packed peaches, nectarines, 
and other fruits in addition to plums. The plants studied in the Sacramento 
Valley packed only plums. In the Foothills district, the commerciel houses 
packed pears in addition to plums, while the ranch-pack houses generally packed 
only plums. Since the costs in this study assume that only plums are packed in 
the plants, the costs developed may be slightly higher than if some of the items 
of equipment--such as conveyors, trucks, and cull-handling equipment--or build- 
ings are used jointly to pack other fruit and the fixed costs spread over more 


units of output. 


=— meme 


1/ This method of analysis is described more fully in French, B. C., L. L. 
Sammet, and R. G. Bressler, "Economic Efficiency in Plant Operations with Special 
Reference to the Marketing of California Pears," Hilgardia, vol. 2h, no. 19, July, 


1956, pp- 543-721. 


2/ With ranch-pack operations, a single grower or at most a few growers, may 
pack their own fruit near the orchard or orchards. 
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The capacity rate of output in the plants studied ranged from 20 crates per 
hour in the smallest ranch-pack plant to almost 1,000 crates per hour in the 
largest commercial plant. The median rate of output was approximately 30 crates 
per hour in the ranch pack and 280 in the commercial plants. Plant capacities 
were generally higher in the San Joaquin Valley than in other districts. The 
hours of operation per season ranged from approximately 180 to 500, with 315 
hours as the median value. Hours operated per season were not related to size 
of plant. 

In the analyses which follow, costs are estimated for each of nine operating 
stages and for four types of general costs. The operating stages include: (1) 
transportation, (2) dumping, (3) grading, (l) packaging, (5) container making, 

(6) container supply, (7) direct clerical (such as stamp end tally), (8) container 
Closing, and (9) carloading. The four classes of general costs are: (1) miscel- 
laneous equipment, field lugs and power wiring; (2) direct supervision and mis- 
cellaneous labor; (3) building costs; and (4) administrative costs and general 
operating expense. Aggregation of costs representing efficient stage organization, 
along with general costs not related to specific operating stages, give total 


costs for the entire plant. 
PLANT STAGE COSTS AND GENERAL COSTS 


Analyses of operations and costs with respect to each stage and cost com- 
ponent involved in the estimation of total plant costs are given below. The 


transportation stage is considered first. 


In-Plant Transportation 


Much of the work performed in packing house operation involves moving fruit 
and materials from one point to another. These activities include: (1) receive 
incoming fruit; (2) transport cull fruit; (3) transport graded fruit to the 
packers; () transport shook and container materials; (5) transport packed fruit; 
and (6) miscellaneous transportation jobs. Most of these activities can con- 
veniently be considered as part of a transportation stage through which other 
stages are linked together. However, some types of transportation, such as the 
distribution of graded fruit and containers to the packers, are performed as an 
integral part of the packing and container-supply operations and are not included 


in the transportation stage. Two related jobs required with some but not all 

















“ 
Te 
He = 





; 





Bas rata 
st PStarro O00 2 


peanst begrbuse 





sigs eau seqdye 

toate Lesoren 

: * a eo ‘ =* ert. woe ar . “ye ns late 
wedjo mi opds yells) ottosol, osc adi: ar -istahd wEiayvenou etsy 





= : 

$+ OAL es ; nocd 
= 4 = Date Sie, rect sine €) oe le cele 5 2 ~ ass _—, nad ; 

fay anew aGnssh 4aq bsyswsq0 aire -SULST “ne iben add eas.ressod 


Ss “to 


foss 193 betnmifes sus edeoo ,wolfol doidw gesulsns odd nb 





: id sagqud “Wwol 1b bas eessge 

















ry 





‘ ay a és AS. eee 
Jnsly sittings acdkt tol adeos 
aregd Ti OMA SOATS VHATF 
Sie ose of dsaqeses fiscrw atsos bre 
rr en nor tee fo tn4 tn pert + 


Satsii Horh 





re TU ~} 
(Fete a aen 


oe eetenyr tte tnemratias 








So ASD! 2 FET 





jrocenstd (4!) 





awe 


» ’ = ta A arr . ens A Are 
90%, cafsdsitogensart eudensifesetm (8) bre 


JOM sgedo DoONTsIxoOgenbis Boto dasa ad bershfeqcn ee) vith tasy 





SMOG ¢ is 





tL axsgoyese 





ent of ateaisdnoo bas fink beter Qo aokiudissarti 





tm: 


swt 


S énottaraqo vidque-vantaditoo bos. ant 





wit 10. oteq fers tat 





itv Sertupet eof, boteles owl .saeta dottsiqoosnart add ff: 








methods of transportation are included to provide comparability in estimated 
costs with the various transportation methods. These jobs are the setoff and 
stacking of packed fruit and the filling and stacking of cull boxes--operations 
required in transportation with hand trucks and fork trucks, but not with ithe 
use of conveyor equipment to transport packed fruit and culls. 

Since the proportion of cull fruit affects the costs of some transportation 
operations, the analysis is carried out with three levels of culling--that is, 
with the assumption that 10, 20, or \O per cent of the total fruit run will be 
separated as cull fruit. The effect on transportation costs if cartons rather 
than crates are used as the packed-fruit container also is considered, although 
in this instance detailed analysis is limited to a cull level of 20 per cent of 
total fruit run. 

The analyses are based on the assumption that packed fruit is transported 
directly to cars for loading. In some plants, however, there is intermediate 
or temporary storage for precooling or delayed shipment. The effect of this 


practice on costs is not considered. 


Transportation Methods 


Two basic methods of in-plant transportation involving the use either of 
hand- or fork-truck equipment are employed in plum packing houses. In portions 
of the operations, however, such equipment may be supplemented with powered or 
gravity conveyors and by gravity chutes. Four different combinations of con- 
veyor and truck operation in the transportation stage--representing different 
transportation methods--are considered with each type of truck equipment as 
follows: | 


Method A: Hand trucks or fork trucks are used for all transportation 
jobs in this stage. Two other jobs--setoff and stack packed 
fruit and fill and stack cannery lugs--are also included. 


Method B: Hand trucks or fork trucks are used for all work, except the 
transportation of packed fruit. Conveyor equipment is used 
for the latter job. The setoff of packed fruit is eliminated, 
although in the larger plants a conveyor man to route ae 
fruit to different cars is required. This method also requires 
a cull man to fill and stack cull boxes. 


Method C: Hand trucks or fork trucks are used for 211 work, except the 
transportation of culls. A cull conveyor and elevated bin 
(with gravity delivery to a highway truck) are used in the 
disposal of culls. Packed fruit must be manually set off and 
stacked. 
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Method D: Hand trucks or fork trucks are used for all work except the 

—————_ transportation of packed fruit from lidder to cars and the 
disposal of culls. Conveyor equipment is used for the latter 
operations. This eliminates the setoff of packed fruit and 
the filling and stacking of cull boxes. A conveyor man to 
route packed containers is required in the larger plants. 


These four methods may be used with different types of containers for 
field fruit, culls, and packed fruit. The transportation of two types of packed 
fruit containers--the standard crate and the test carton--and one type of con- 
tainer for field fruit and culls is considered. With a given type of container 
there is, of course, some variation in net weight. With packed fruit, net weights 
average approximately 28 pounds per standard crate and 25 pounds per test carton. 
With the field lug, the average net weight when filled with field fruit is 
approximately 36 pounds, and with culls it is approximately LO pounds per lug.2/ 


Production Standards 


The procedure used in estimating labor and equipment requirements in the 
transportation operations is illustrated by calculations regarding the setoff 
job performed in the transportation of packed fruit with hand or fork lift trucks. 
For this operation, time and production studies indicate net time per crate to 
average approximately 0.129 man-minutes. With an allowance of 15 per cent of 
the gross time to provide for a minimum of unavoidable delay and scheduled rest 
periods, estimated gross time is 0.152 man-minutes per spare This gives a 


1/ The use of two types of containers for field and cull fruit was observed-- 
a grape field lug in the San Joaquin Valley and a pear lug in the Sierra Foothills 
districts. Compared with an average net weight of 36 pounds of field fruit and 
lO pounds of culls per grape lug, the average net weight of pear lugs is 5 pounds 
for both uses. Based on a hand truck load size of six shorter and deeper lugs, 
the use of the pear lug results in loads of 270 pounds per trip as compared with 
32) pounds per trip with the grape lug. The use of the pear lug thus would re- 
quire about 20 per cent more trips to handle a given quantity of fruit. Since 
the receiving and cull-handling operations constitute 50 to 60 per cent of the 
total in-plant transportation costs, the effect of using pear rather than grape 
lugs would be to increase the level of costs shown in the analysis by about 10 
per cent. The general nature of the results, however, would not be affected. 


2/ Scheduled rest periods (two 10-minute periods per 8-hour day) amount 
to about ) per cent of the total work time. The remainder of the delay allowance 
provides for miscellaneous time loss such as personal time, equipment breakdown, 
and other minor interruptions. 
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production standard of 395 crates per man-hour. This rate is better than the 
average actually observed in the plants studied, but does not represent the peak 
rate observed. An average worker should be capable of this production rate under 
circumstances which limit idle time to the level allowed in setting the standard. 

Production standards for similar jobs in the transport stage--and in other 
plant stages--are estimated as described above. An exception is in-plant truck- 
ing operations which require consideration of the transport distance and the num- 
ber of containers hauled per tripe Distance and quantity hauled per trip vary 
with the type of equipment and container used and with the layout in particular 
plants. The distances and load sizes in relation to type of equipment specified 
in Table 1 are representative for well-organized plants 1 They form the basis 
of estimated quantities of labor and equipment required in the in-plant trucking 
operations of plants of given capacity output rate. This involves the use of 
time-distance equations--given in Appendix Table A--to estimate net time per trip 
with each type of transport and the addition of allowances for unavoidable delay 
and rest periods (20 per cent of gross trucking time). With time per trip and 
the number of containers hauled per trip, a production standard for each type of 
transport may be estimated, Flexibility in trucking job assignments in most 
plants, however, makes it practicable to estimate trucking requirements on the 
basis of the total trucking work load rather than with respect to individual 
transport categories. This is accomplished by estimating the time requirements 
for each type of transport in terms of a single type of container, in this case 
the field lug, including an allowance of 10 per cent of total trucking time for 
several miscellaneous trucking jobs not easily measured directly. The sum of 
these estimates gives total trucking time. 

An example of the estimation of trucking requirements in terms of 
field lugs run and for 20 per cent culls is as follows. With hand truck 
equipment, for example, transporting 100 field lugs from the grower's 
truck requires--with 9 lugs per trip--an average total of 11.11 trips over 
a one-way distance of 0 feet per trip (Table 1). Using the appropriate 
time-distance equation for hand truck equipment given in Appendix Table A, 


1/ In Table 1, the effect of plant size on trucking distance per trip is 
ignored. This is a convenient, but also fairly realistic, simplification. 
Study of plants of the type involved in this analysis indicates that much of the 
transport operations involve inward and outward movements of materials (movement 
at right angles rather than parallel to the building walls) around a center core 
of floor area containing the packing equipment. The effect of plant size on 
trucking distance is therefore relatively small. 
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TABIE 1 
Transportation Jobs, Transport Distances, and Size of Load 


in Representative Hand-Truck and Fork-Truck Plants. 
Packing California Fresh Plums, 1955 


Average oe 
ransported® load size per trip 
F 
t: 









Filled 







Type container 
of con- Hand ork Net weigh 
Transportation job truck ruck | Hand truck [Fork truck | Hand truck | Fork truck 





Receiving’/ 


Unload grower's truck and 
transport to temporary storage 





32h 1, 944 







Transport full lugs from 


temporary storage to dumper 32h 1,944 







Transport empty lugs from 
dumper to empty-lug storage 










Load empty lugs on grower's 
truck lug -- 30 ho 12 











Packed fruit 
Transport from set-off to 
temporary storage 











Transport from temporary 
storage to highway truck or 
rail car 














Cull eruit?/ 
Transport full lugs from 
cull set-off to temporary 

storage 











Transport culls from tem- 
porary storage to highway 
truck 











Transport empty cull lug from 
highway truck to temporary 
storage 







Transport empty lug from tem- 
porary storage to cull filling 
station lug -- 20 ho 12 












Shook and container materials 
Transport shook and container 
materials from temporary stor- 
age to container maker bundle -- 






















Miscelianeous’/ 
Transport lids and pads, 
unload shook, move pallets, 
etc. 














a/ Transport distances for each task are taken as constant. This is based on Plant transportation consisting largely 
of inward and outward movements of materials (movement at right angles rather than parallel to the building walls) 
around the edges of a "center core" of floor area containing the packing equipment (see Figure h), Hence, for a 
wide range in plant capacities, the changes in transport distances are relatively small. 


b/ Distances and load sizes are based on plants that use a field lug which is also used to handle grapes during the 
grape harvesting season. 


c/ Dashes indicate not applicable. 
a/ Container equivalent of quantity of unassembled container materials transported per trip. 


e/ Estimated as 10 per cent of total trucking requirements, exclusive of miscellaneous. 








13. 


the net time per trip is 0.575 man-minutes. With 20 per cent delay, total time 
per trip is 0.718 minutes; and for 11.11 trips, the total trucking time in re- 
ceiving the 100 lugs is 7.98 man-minutes. With a net weight per lug of 36 pounds, 
the total weight of fruit received per 100 lugs is 3,600 pounds. If culls amount 
to 20 per cent of total fruit received, the diversion to culls amounts to 720 
pounds and the volume packed consists of 2,880 pounds per 100 lugs received. With 
the data as to net weight and load size given in Table 1, these volume estimates 
can be converted to number of trips in each type of transport per 100 lugs re- 
ceived. Application of the time-distance equations in Appendix Table A to these 
results and the addition of allowances for delay and rest periods then provide 
estimates of time per 100 lugs in each transport category. Computations along 
the above lines with respect to transportation method A, using hand truck equip- 
ment, are summarized below. 















Man-minutes per 
100 field lugs with 20 


Operation per cent diversion to culls 





Receive field fruit 
Transport cull fruit 
Transport packed fruit 14.5) 
Transport container materials 1.80 


Miscellaneous (10 per cent of 
the above) 86 


Total time per 100 lugs 


Time requirements and production standards per 100 field lugs received in 
relation to transportation method used, per cent of culls, and type of packed 
fruit container are summarized in Table 2. These standards represent the poten- 
tial truck-transportation output in all transport categories considered as a 
group, with the standard expressed in terms of field lugs per man-hour with 
given proportions of cull fruit. 


Labor and Equipment Requirements and Costs 
Estimates of transportation labor and equipment requirements and their costs 
in relation to plant size, type of equipment, and transportation method derived 
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TABLE 2 


Time Requirements and Labor Production Standards in the Transportation Stage 
in Relation to Transportation Method, Per Cent of Cull Fruit, 
and Type of Packed-Fruit Container. 
Packing California Plums, 1955 






Gross time Brel Transportation 
100 unit: labor standards 


Culls Hand truck Fork truck Hand truck Fork truck 
| per cent | minutes per 100 field lugs field lugs run per hour 





In-plant transportation 












Truck transportation 
Method A--Hand or fork trucks 
for all transport categories 










Method B--Hand or fork trucks 
for all transport categories 
except conveyor for packed 

fruit 













Method C--Hand or fork trucks 
for all transport categories 
except conveyor for culls 










Method D--Hand or fork trucks 
for all transport categories 
except conveyors for packed 

fruit and culls 








minutes per 100 unite 







Related jobs 
Tend c station and dump 
culls 











115 cull lugs | 115 cull lugs 








395 crates 
500 cartons 


Set off packed fruit 









Conveyor worker 700 crates 





a/ With some transportation methods and jobs, the type of packed-fruit container affects the production standards. 


b/ Includes net working time plus a minimum allowance for rest periods and unavoidable delay of 20 per cent of the 
gross time. | 


e/ The type of packed-fruit container does not effect the production standards. 


a/ Culls may be dumped into a cull truck before or after the day's operation. For convenience, the time required 
for this job has been combined with the job of tending the cull station to get a standard for the combined jobs. 


e/ The per cent of culls does not affect the production standard in terms of the production units shown. 





‘Slaten cet apelin teens = Sie 
| 
i ee 

from the production standards developed above are given in Table 3, cae 
in Table 3 relate to a 20 per cent culling rate and the use of hand-truck equip- 
ment, combined--with some methods--with the use of conveyors for certain 
operations. 

The procedure is easily visualized by tracing the estimation of quantities 
and costs in regard to method A, in which all transportation is performed with 
hand-truck equipment. Two related jobs are involved--the setoff of packed 
fruit; and filling, stacking, and dumping of cull boxes. The production standard 
for the trucking operations (Table 2) is 110 lugs per man-hour with method A. 
This means that one trucker will provide trucking services in all transportation 
categories for plant output rates--measured in terms of the rate of field lugs 
run--up to 110 field lugs per hour. For output rates in the range of 110 to 220 
field lugs per hour, two truckers are required, and so on for still higher rates 
of output. Similarly, one setoff worker for packed fruit is required with output 
rates not exceeding 385 field lugs per hour (equivalent to 395 crates per hour at 
20 per cent culls), while one cull worker is adequate up to a volume of 6)0 field 
lugs per hour. Containers handled per hour in each category are, of course, 
determined by the number of field boxes run, the per cent of cull fruit, and the 
net container weights. The output rates at which additions to crew and equipment 
are required are shown at the left in Table 3. For intermediate rates not shown, 
the crew requirements are the same as for the next higher capacity output rate, 

Crew requirements as developed above then provide a basis for estimating 
variable and fixed costs. Estimates of variable costs include labor at $1.05 
per hour and variable equipment repair expense at 0.5 per cent of equipment 
replacement cost per 100 hours! use. 

Investment in equipment constitutes the fixed costs in this stage. These 
costs in plants of given capacity rate are estimated in terms of the number of 
units of each type of equipment required and installed unit prices, including 
gales and use taxes. With hand-truck equipment, for example, one truck per 
operator is provided at a unit purchase cost of $90. Requirements as to conveyor 
equipment used with some of the transportation methods depend on plant layout and 
plant capacity. The basis of estimation of quantities and prices for this type 
of equipment are given in Table 3. | 

Total investment costs and annual charges in relation to plant capacity and 
transportation method are given in Table 3. Results based on the use of fork- 
rather than hand-truck equipment are given in Table he. The results of similar 
analyses with culling rates of 10 and hO per cent--rather than 20 per cent 
applicable in the above development--are given in Appendix Table D. 
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TABLE 3 


Hand Truck Plant Transportation Labor and Equipment Requirements and Costs in Relation to 
Plant Capacity (Fruit Packed in Crates, 20 Per Cent Culls)¢ 
Packing California Plums, 1955 


Job and crew size : : Fixed costs 


Equations of 
annual fixed 
Annual cost and 
. Set-| Con= fixed varisble cpgt 
Trucker | off eyor y Total _ | cos er hi 





} 
Annual fixed’ 
cost = 6 +L 


Variable cost per 
hour = Paey + 1,30 


Annual fixed 
cost = 110 + 13L 


BEB Sv or aanesune 
FrVWWUNnrnnHEPE 
NVYNOYNNYNYNYHPHEP PEE 


Variable cost per 
hour = 2.20 + .92L 


a 1 1 
2 1 1 
3 1 1 
4 z x 
5 1 2 
5 2 2 
6 2 2 
7 2 2 
8 2 2 
9 2 2 


fethod Ce#mechanized c 


cost = 315 + 55L 


Variable cost per 
hour = 1,50 + 1,10 


FWUWWLUWWYONNNYNYHPHHEH 


Annual fixed 
cost = LS + 83h 


Variable cost per 
hour = 1.55 + .72L 


AVUEEwwnny 
NON PEH ee ee 





a/ Culls may be dumped into a cull truck before or after the day's operation by a crew of workers. For convenience, the time required 
for this job has been combined with the job of tending the cull station to get a standard of 115 lugs of culls for the combined 
Jobs. With 20 per cent culls, this is equivalent to a field lug receiving rate of 640 lugs per hour. 


b/ Based on wage rate of $1.05 per hour for all workers. These wages include an allowance of approximately 5 per cent of worker's 
pay for employer's contributions to Social Security, Workmen's Compensation Insurance, and other worker benefits. 


c/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours use and electric power at $0.03 per hour per 
motor horsepower. 


a/ Equipment replacement costs are based on the following equipment requirements. Truck equipment: One truck per operator required. 
Mechanical cull handling equipment: Cull conveyor--length is 20 feet plus 20 additional feet for each packing line and width is 
1 inch for each 1,000 pounds of culls handled per hour with 8 inches the minimum width; cull elevator--length 20 feet and width 
same as cull conveyor; and cull bin--volume in cubic feet is 150 minimum plus 100 for each 1,000 pounds of culls handled per hour. 
Packed fruit conveyor: One drive unit, 90 feet of power conveyor with steel rollers, and 60 feet of gravity conveyor are provided 
for rates up to 700 crates per hour. Approximately twice this amount is required for rates from 700 to 1,400 crates per hour, 


e/ Based on the following percentage charges of replacement cost: Hand truck, power conveyor, and cull bin--13.2 per cent; cull con- 
veyor and elevator--16.5 per cent; and gravity conveyor--11.5 per cent. See Appendix Table C for the details of these charges. 


2/ L = plant capacity in 100 field lugs run per hour. 
g/ Blanks indicate job not performed with this method. 


h/ Less than $0.005. 
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TABLE ) 


Fork Truck Plant Transportation Labor and Equipment Requirements and Costs in Relation to 
Plant Capacity (Fruit Packed in Crates, 20 Per Cent Culls). 


California Fresh Plums, 1955 
Job and crew size 











per hour 





a costs 








Fixed costs 























quipment replacement costs© Equations of 
age ore 
cost an 
Plant. Set | Con- fixed variable cast 
capacity off | veyo g | Total | co per hours 
ald : 
Ea = SRR eeitisn! 
per 
number of workers dollars 
ork truck, Method A aa 








2/ 







al fixed 
= 420 + 230L 


Ann 
cos 












Variable cost per 
hour = 2,25 + .88L 








FErweunnnru 
WHNNNYNHHH 





Fr rwwnnnr 





ck, Method Be«packed fruit conveyor 














Annual fixed 
cost = 550 + 200L 











Variable cost per 
hour 2,20 + .65L 





WWWNNNH 





WHONNRPHH 
WWNNYNOHH 










Annual fixed 
cost = 760 + 239L 











Variable cost per 
hour = 1.30 + .66L 






WWWNHNNNYHH PH 
FwwwwnnnepH 













Annual fixed 
cost = 970 + 200L 










Variable cost per 
Spe = 1.75 + .W7L 


NNNPEPRP 





a/ Culls may be dumped into a cull truck before or after the day's operation by a crew of workers. For convenience, the time required 
for this job has been combined with the job of tending the cull station to get a standard of 115 lugs of culls for the combined jobs. 
At 20 per cent culls, this can be converted to a field lug rate of 640 per hour. 


b/ Based on wage rates per hour of $1.35 for fork truck operators and $1.05 for all other workers. These wages include allowance of 
approximately 5 per cent of worker's pay for employer's contributions to Social Security, Workmen's Compensation Insurance, and 
other worker benefits. 


c/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours use, fuel and oil at $0.175 per hour per fork 
truck, and electric power at $0.03 per hour per motor horsepower. 


a/ Equipment replacement costs are based on the following equipment requirements. Truck equipment: One truck per truck operator re- 
quired. Mechanical cull handling equipment: Cull conveyor--length is 20 feet plus 20 additional feet for each packing line, and 


width is 1 inch for each 1,000 pounds of culls handled per hour with 8 inches the minimum width; cull elevator--length 20 feet and width 


same as cull conveyor; and cull bin--volume in cubic feet is 150 minimum plus 100 for each 1,000 pounds of culls handled per hour. 
Packed fruit conveyor: One drive unit, 90 feet of power conveyor with steel rollers, and 60 feet of gravity conveyor are provided 


for rates up to 700 crates per hour. Approximately twice this amount is required for rates from 700 to 1,400 crates fer hour. 


e/ Based on the following percentage charges of replacement cost: Fork truck, cull conveyor, and elevator--16.5 per cent; power con- 
veyor and cull bin--13.2 per cent; and gravity conveyor--11.5 per cent. See Appendix Table C for the details of these charges. 


f/ L = plant capacity in 100 field lugs run per hour. 


g/ Blanks indicate this job or type of equipment not used with this method. 














vee 


Total Season Cost | 


Estimated total season costs required in the comparison of different trans- 
portation methods are computed from the data in Tables 3 and 4. This may be done 





directly on the basis of estimated variable and annual fixed costs at particular 
output rates. With hand truck method A and an output rate of 600 field lugs per 
hour, for example, the estimated variable cost--as given for the output range, 
550 to 640 field lugs per hour--is $9.18 per hour and the annual fixed charge is 
$72. In a season of 100 hours’ operation, estimated total season cost would be 
$1,020, with 300 hours' operation per season it would be $2,916, and so on for 
other lengths of season. Similar computations at other output rates and with 
other transportation methods provides a basis for selection of the least-cost 
transportation method in relation to rate of output and length of operating 
season. 

An alternative basis of comparison convenient in later developments in this 
report is illustrated in Figure 5. These charts show graphically the estimated 
variable and annual fixed costs with transportation method A that are given in 
Tables 3 and}. As is evident in the tables, both variable and annual fixed costs 
increase on a step-by-step basis as plants of larger capacity are considered. The 
use of the data is greatly simplified, however, if the discontinuous cost-output 
relationship represented in Figure 5 is expressed on an average basis that 
"smooths out" the step-cost line in a manner illustrated by the solid, straight 
line appearing in each panel of the chart. The cost relationships represented 
by such lines then may be expressed in terms of simple equations which describe 
in a general way the level of variable and annual fixed cost that may be expected 
with the use of particular transportation methods and equipment in plants of 
given capacity where performance rates of the order used in the above analyses 
can be attained. Thus with hand truck method A, the equations for variable and 


annual fixed costs are: 
Annual fixed cost = $6.00 + $11.00 (L) 


Variable cost per hour = $2.20 + $1.30 (L) | 


| 
where "L" represents 100 field lugs run per hour. These and equations similarly 
determined for other transportation methods are given in Tables 3 and he 


1/ While the step cost relationship reflects correctly the manner in which crew 
and equipment are augmented as plant capacity is increased, the smoothed cost-line 
may be claimed to represent the "average" relationship if many different plants of 
any given size are considered. This may be attributed to normal variation in out- 
put rate to be expected from different workers and to the possibility of some 
integration of workers on different jobs. 
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ae Annual fixed cost = $420+230L 2 
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B. FORK TRUCK PLANT 


Figure 5. Annual Fixed Costs And Variable Costs Per Hour In Hand Truck And Fork Truck Plants Using Transportation Method A In 
Packing California Fresh Plums, 1955. 
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Equations such as the above may be used to compute total season cost in 
relation to both plant capacity and hours of operation per season. Using the 
above equations, for example, to estimate total season cost in a plant of 600 lugs 
per hour capacity and 300 hours! operation per season, 6.0 is substituted for npn 
to obtain values of ‘72 for the annual fixed charge and $10 per hour for the 
variable cost. In a season of 300 hours' operation, total cost would then amount 
to 43,072. This is roughly the same value as that previously estimated directly 
from Table 3. 

Total season cost computations made as in the above example in regard to all 





methods with hand= and fork-truck transportation equipment and with seasons of 
100, 300, and 500 hours' operation are shown graphically in Figure 6. With both 
hand= and fork-truck equipment, the charts indicate mechanized methods to become 
more economical as rate of output and length of season increase. With hand-truck 
operation and 100 hours' operation per season, for example, method A is lowest in 
cost throughout the range in output rates considered. With a season of 300 hours' 
operation, however, method B,involving the use of conveyors in the transportation 
of packed fruit, gives lowest cost in plants with capacities of about 130 to 700 
field lugs per hour. Method D, in which conveyors are used for both packed fruit 
and culls, is lowest in cost in plants of capacity exceeding about 700 field lugs 
per hour. With 500 hours’ operation per season, method D is lowest in cost except 
with low rates of plant output. Similar effects are shown in the charts relating 
to fork-truck transportation. 
Comparison of total season costs with hand- and fork-truck equipment is 
made in the lower panel of Figure 6. Here the cost-line with each type of equip- 
ment consists of segments of cost-lines selected from the upper panels so as to 





represent in relation to plant size the least-cost method in hand- and fork-truck 
plants. Thus, with 100 hours' operation per season, hand-truck method A is shown 
to be the low-cost method throughout the range in plant capacities considered. 

In the fork-truck plants, method A is lowest in cost up to plant gage 
about 20 field lugs per hour, while method B is lowest in cost in plants o 
larger size. In both types of plant, the use of conveyor equipment in the trans- 
portation of packed fruit and culls--method B or D--is economical as length of 
season increases. Since total season costs are lower in hand= than in fork-truck 


plants throughout the range in output rates and lengths of season considered, 
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Total season cost, thousand dollars 


100 HOURS PER SEASON 


10 


Season cost 


A $2264 141L 
B 3304, 135L 
C 465+ I65L 
D 600+ I55L 


Season cost 


A $645+318L 
B 770+265L 
C 940+305L 
D 11454247L 








300 HOURS PER SEASON 


10 





Season cost 
A $666 +401 


B 770+319 


C 765+385 
D 910+299 
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Season cost 
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A $1095 +494L 
B 1210+395L 
C 1300+437L 


D 1495+ 341 
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L: Plant capacity, 100 field lugs per hour 
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L: Plant capacity, 100 lugs per hour 
B. FORK TRUCK 


12 


"A $106 + 661 


Ore 4516S 


500 HOURS PER SEASON 


B 1210+503 
C 1065+605 
D 1220+443 








Season cost 


A $1545 +670L 
B 1650+525L 
C 1660+569L 
D 1845+435L 








Figure 6. Total Season Cost Of In-Plant Transportation In Handtruck And Fork Truck Plants Using The Standard Crate 
As The Packed Fruit Container, Shown In Relation To Capacity Rate Of Plant Output, Length Of Operating 
Season And Transportation Method Used. 
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later developments in this report are based on the selection of hand-truck 
equipment for in-plant transportation.» 

The above is based on the assumption that all fruit is packed in the stand- 
ard crate. Transportation costs are slightly modified with some methods if the 
fiberboard container is used for packed fruit. The results of analysis similar 
to the above, but based on the use of cartons, are given in Appendix Table D. 





Dumping Field Lugs of Fruit 


Field lugs were dumped by hand in all the plum packing houses studied. 
Machine-dumping equipment is available, however, and so data concerning these 





methods obtained in other studies are used to evaluate the economy of their use 
in packing fresh plums.” Two methods in manual operation are considered. In 
one method the lugs are emptied and restacked by a single worker. In the other, 
conveyors supply full lugs to the dumper and take away the empty lugs; while 
additional workers are required to set full lugs on the conveyor and to remove 
and stack empty tesa The operations with machine dumping are similar to 
those with manual methods, except that a machine is used to empty the full lug. 


Dumping Methods | 
Se. | 


Four methods of dumping are analyzed. A description of each method is 


given below. 


Method A: Hand dumping. With this method, the dumper obtains the ik 
lug from a stack on the floor, empties and restacks the lug. 


1/ Different types of construction are commonly used with hand-truck and fork- 
truck transportation methods. Comparison of costs with the two types of struc- 
tures indicates that building investment costs and annual fixed charges are 
slightly higher in the fork-truck plants. Consideration of building costs would 
not, therefore, modify the conclusions as to choice of equipment indicated here. 


2/ See Sammet, Costs of Dumping Incoming Fruit as Related to Work Methods, 
Apple and Pear Packing (Berkeley: University of California, Division of Agricul- 
tural Sciences, Agricultural Experiment Station, June, 1953), 42p. (Giannini 
Foundation Mimeographed Report No. 153.) 


3/ Workers transferring lugs to conveyors are called "seton" workers; those 
removing and stacking lugs are called "setoff" workers. 
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Method Bs Hand dumping with conveyor aids. Full lugs are placed on a 
conveyor to the dumper by a seton worker. The dumper re- 
ceives and empties the lug and places it on a conveyor lead- 


ing to the empty-lug storage area, where it is set off and 
stacked by another worker. 


Method CG: Single-lug machine dumper. Operations with this method are 
similar to method B, except that the full lug is conveyor-fed 
to a dumping machine which automatically empties and returns 
the lug to the empty-lug conveyor. The dumping crew consists 
of seton and setoff workers for full and empty lugs. Machine 
attendance--for example to stop the machine in the event of 
jamming~-is performed by the seton worker. 


Method D: Stack dumper. The procedure with this method is the same as 
with method C--the single-lug dumper--except that the full 
lugs are fed into the dumping machine in single stacks. The 
machine automatically destacks the lugs one at a time, empties 
the contents, and places the empty lug on a conveyor. As the 
last stack is dumped, a new stack is moved into place by a 
floor chain conveyor. Stacks of lugs are brought to the 
machine by hand truck,and machine attendance is provided by 
this worker. 


Crew and Equipment Requirements and Costs | 


Production standards for each manual method of dumping incoming fruit--based 


on time and production studies of plant operations--are given in Table 5 and 
Appendix Table B. Information from these studies and from equipment manufacturers 
was used to establish working capacity rates for machine dumping equipment. 
Manufacturers of the single-lug dumping machine estimated its capacity in the 
range of 720 to 1,000 lugs per hour, while the capacity of stack-dumping elias. 
ment was estimated to be in the range of 800 to 1,200 lugs per hour. For this 
analysis, the capacity rate is standardized at 750 lugs per hour. With the delay 
allowance of 20 per cent applied to this stage, the effective rate is 600 lugs 
per hour. 

As in the estimation of costs in the transportation stage, the labor dnd 
machine standards are used to develop crew and equipment requirements in rela- 
tion to plant output rate.’ Unit prices for equipment and appropriate wage 
rates applied to estimates of labor required are used in estimating pee and 

and 


investment costs and for computing an estimated annual fixed charge. Labo 
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V/ Three labor categories--dumper, seton, and setoff--are shown with the vari- 
ous methods in Table 5. A fourth job closely related to the dumping operations-- 
trucking field lugs to and from the dumper or seton worker--is included in the 
in-plant transportation stage and not shown here. 
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TABLE 5 


Labor and Equipment Requirements and Costs in Dumping Field Lugs as Affected 
by Capacity Rate and Method of Dumping. 
Packing California Plums, 1955 


Variable costs per hour Fixed costs 


Dump- Job and Equations of 

ing crew size annual fixed cost 

Method of b and variable cost 
dumping : on_| off | Labo e | per neaet/ 


number 
of workers 


Method A 


Hand dumping Annual f 


cost = 3 + 2L 


Variable cost per 
hour = .53 + .30L 


Method B 
Hand dumping 
with conveyor 
aids 


Annual fixed 
cost = 80 + 34L 


Variable cost per 
hour = 1.80 + .65L 


WWNhNNe 


Method C 


i. Annual fixed P 

machine cost = 185 + 62L 
Variable cost per 
hour = 1.35 + .411n 


Method D 
Annual fixed 
Stack dumping 5 it = 
machine cost 275 + 92L 


Variable cost per 
hour = .75 + .21L 





a/ Capacity dumping rate assumes dumper alternates with trucker with Method A and set-on worker with Method B. 
Labor standards (field lugs per hour). Method A: Dumper-~-350. Method B: Dumper--460; set on--460; and 
set off--585. i 


b/ Based on a wage rate of $1.05 for all workers. This includes an ellowance of approximately 5 per cent id 
worker's pay for employer's contributions to Social Security, Workmen's Compensation Insurance, and other 
worker benefits. 


ef Variable repair is estimated at 0.5 per cent of replacement cost per 100 hours of use and power at $0.03 per 
hour per motor horsepower. 


a/ Based on the following equipment requirements per dumping station. Method A: One dumping platform--$40. 
Method B: One dumping platform--$40; 25-foot power set-on conveyor--$535; and empty lug conveyor con- 
sisting of 20-foot power conveyor--$490, and 30-foot gravity conveyor--$120. Method C: One dumping 
machine--$1,300; 35-foot power set-on conveyor--$630; and empty lug conveyor consisting of 40-foot power 
conveyor--$660, and 44-foot gravity conveyor--$175. Method D: One dumping machine~-$2,590; 20-foot floor 
conveyor--$720; and empty lug conveyor consisting of 40-foot power conveyor--$660, and 4h-goot gravity 
conveyor--$175. 


e/ Estimated as a per cent of replacement cost. See Appendix Table C for details. 
f/ L = plant capacity in 100 lugs per hour. 
g/ Blanks indicate job not performed with this method. 


b/ Less than $0.005. 
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equipment standards, price and wage data, as well as crew and equipment require- 

ments and costs in relation to method used and plant output rate are given in 

Table 5. 
Simple equations relating variable costs per hour and annual fixed charge 





to plant output rate are--as in the transportation stage--developed from the 
estimated costs at particular plant output rates, and these equations are sum- 
marized in Table 5. From these equations, total season cost in relation to plant 
output are computed. Results with three lengths of season--100, 300, and 500 
hours--are shown graphically in Figure 7- With each length of season, the graphic 
representation of total cost is supplemented with a set of equations that express 
the relation of total season cost in aseason of specified length to rate of plant 
output and method used. 
For the operating ranges illustrated in Figure 7, method A--involving manual 
dumping of the field lugs--is lowest in total season cost. Of the remaining 
methods, the stack dumper--method D--becomes relatively more economical as length 
of season increases but not sufficiently so to surpass method A within the range 


in season lengths considered 
Quality Grading 
Quality grading--or sorting--involves the selection and removal of overripe, 


undersize, and otherwise undesirable fruit as required to meet the standards for 


marketable plums.” 





Method of Grading 


While several different types of equipment are available for use in grading 
deciduous fruits, only one method was observed in the plants studied. It involves 
transporting the fruit on a conveyor belt past a group of workers who sort the 
fruit into different quality ceckan se Cull fruit is transferred to drop chutes 


1/ See Sammet, Costs of Dumping Incoming Fruit . - -, p- 33. 





2/ In most of the plants studied, the grading standards used were hoes 
applicable to shipments under federal-state inspection. 


3/ Other types of grading equipment are available or under development. Many 
of these have devices for rotating the fruit on the table to facilitate easy and 
complete inspection, but no equipment of this type was used in the plants studied. 
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Season cost 


Af 2684+150L 
B 980 +359L 
C 860+267L 
D 650+I97L 


Method 





300 Hours per season 


_Season cost. 


A$I62 + 92L 
B 620+229L 
C 590+ I85L 
D 500+ I55L _» 


ie) 





Total season cost, 1,000 dollars 





100 Hours per season 
Season cost 
Ags 56+ 32L 
B 260+ 99L 
C 320+103L 
D 350+/I3L 








0 2 4 6 8 10 12 
L: Dumping rate, !00 field lugs per hour 


Figure 7. Total Season Costs of Four Methods of Dumping 
Field Lugs in Relation to Rate of Dumping and 
Length of Operating Season. Packing Califor- 
nia Plums, 1955. 
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or placed directly on a center cull belt for trensportation to a cull collection 
point. Fruit that is overripe for interstate shipment but otherwise sound is 
placed in lugs and later regraded and packed loose in containers for shipment to 
local markets. The main flow of fruit is conveyed beyond the grading table to 
the packing stations. In most plants, the fruit en route to the grading table 


passes over a presizer which mechanically removes most of the undersized fruit. 


Labor and Equipment Requirements 


A major part of the work performed by the grading crew consists merely of 
visual inspection with no easily measured input by the worker in relation to the 
volume of fruit graded. Therefore, conventional time-study methods of work 
measurement, which were used for other plant operations, are inappropriate for 
measuring sorter labor input. 

Alternative means employed in the analysis of grading labor requirements in- 
volves the use of accounting records of labor utilization and output in a sample 





of plants. The aim in this analysis is to establish a work standard comparable 

to those obtained by means of time and production study--that is, a standard 
attainable by the average worker when idle time is held to a minimum level. Since 
observations in the plants indicated relatively infrequent adjustment in grading- 
crew size despite substantial changes in the proportion of culls and in total 
volume of fruit ru, it appears reasonable to conclude that surplus labor was 
available at some times. To offset the reflection of this effect in the account- 





ing data, the analysis is based on selected high-output days. The number of low- 
output days thus excluded comprise about one third of the total days sampled. 
Graphical and statistical analysis of the remaining data was designed to 
show the effect of volume packed and volume of cull fruit on sorter labor re- 
quirements Volume packed was measured in terms of daily average quantity of 
fruit packed per hour, while culls were measured in terms of volume of fruit 


removed by the presizer and sorting crew per hour 2 From this analysis, the 


Papa DDN 8 87, o/s SE ee Wa eS ene ee pee Ten <8) el, SR Cee ea Sree Se I Oe oe | ae 


/ This method of analysis is described in more detail in Sammet, "Economic 
and Engineering Factors in Processing Plant Design" (Ph.D. thesis, University 
of California, January, 1958), p. 167- 


2/ Isolation in the analysis of the effects of removal of fruit by the pre- 
sizer as compared with the grading crew would have been desirable. None of the 
plants studied, however, maintained a separate accounting of cull volume attrib- 
utable individually to the presizer and manual sorting crew. 
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following equation relating hours of grader labor required per grading table in 
relation to total volume run and the volume of culls per table was developed. 


Grader hours per table = 1.28 + 0.36(P) + 0.62(c), 


where "P" represents 1,000 pounds of fruit packed per hour, and "C" represents 
1,000 pounds of culls and overripe fruit sorted out per hour. This equation 
indicates each 1,000-pound increase in fruit packed per hour to require approxi- 
mately an additional one-third hour of sorter labor per hour, while a correspond- 
ing increase in the volume of fruit diverted to culls and overripes requires an 
increase of roughly two-thirds hours of sorter labor per hour. 
The above equation is used to develop estimates of grader crew requirements 





in relation to capacity output rates. Table 6 shows for three levels of culling-~ 
culls and overripes constituting 10, 20, and LO per cent of the total fruit run-- 
the volume of plant output that can be handled by sorter crews of given size. The 
number of sorting tables required for a given plant capacity depends on the size 
of table used in a particular plant. Practical considerations as to layout and 
conveyor dimensions were followed in specifying size of grading table. Size 
specifications and the number of tables required for selected capacity output 
rates are given in Table 6. 
Crew size and equipment required in relation to volume of output are, as in 
the preceding stage analyses, the basis for estimates of variable and annual fixed 
costs. Wage rates, unit installed prices for equipment, and other cost rates re- 
quired in such computations as well as estimated variable costs per hour and 
fixed costs in relation to volume of output are given in Table 6. The table also 
expresses variable cost per hour and annual fixed charges in the form of simple 
equations which relete these costs to plant capacity in field lugs run per hour. 
These equations are then used to estimate total season cost. Results for seasons 
of 100, 300, and 500 hours' length are shown graphically in Figure 8. Each panel 
contains equations that--for the season length specified--relates total season 


cost to plant capacity. 


Packaging 





Labor and container materials costs in packaging fresh plums constitute the 
major portion of plum packing costs. A major objective of this study is the 


evaluation of costs with alternative types of containers and methods of filling 


them. 
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TABLE 6 29. 


Grading Labor and Equipment Requirements and Costs in Relation to 
Plant Capacity and Per Cent of Culls. 
Packing California Plums, 1955 
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i 1.90 2.06 2,615 
: 2.85 3.01 2,615 
: 3.80 3.96 2,615 
: oe 23 2,615 
‘ 5. 2,615 
1 6.65 6.87 3,685 
ope 7.82 3,685 
i oe poe Annual fixed cost = 170 + 83L 
2 . . Variable cost per 
hour = 1.75 + 1.46L 
2 
2 
2 
2 
2 
2 
ee : : ~ 2.06 
85 3.01 
» 1 4 3.80 3.96 
320 1 é ae 5186 
7 5. | 
is i OS, Ge led es Oe a 
‘ : : 3,685 515 
po : 9 8.55 .22 8.77 3,685 515 | Annual fixed cost = 180 + 88L 
2 10 9.50 .22 9.72 3,685 915 
35 2 12 11.40 +39 11.79 6, 300 870 Variable cost per 
700 2 13 12.35 39 12.74 6, 300 870 hour = 1.70 + 1.55L 
TTO 2 14 13.30 39 13.69 6, 300 870 
835 2 15 14.25 39 14.64 6, 300 870 
905 2 
975 2 
1,040 2 
1,105 2 
1,175 2 
45 1 2 1.9 P 2.06 
i; oe eae 
3. el 3.96 2,615 355 
225 1 5 4.75 16 41 2,615 355 
285 1 6 5.70 16 5.86 2,615 355 
345 1 7 6.65 22 6.87 3,685 515 
4o5 1 8 7.60 -22 7.82 3,685 515 | 
465 1 9 8.55 .22 8.77 3,685 515 Annual fixed cost = 195 + 97L 
525 1 10 9.50 .22 9.72 3,685 515 
565 2 12 11,40 +39 11.79 6, 300 870 Variable cost per 
625 2 13 12.35 39 12.74 6, 300 870 hour = 1.70 + 1.74L 
685 2 14 13.30 39 13.69 6, 300 870 
745 2 15 14.25 39 14.64 6, 300 870 
805 2 16 15.20 39 15.59 6, 300 870 
865 2 IT 16.15 45 16.60 7, 370 1,030 
ge5 2 18 17.10 45 17-55 7,370 1,030 
985 2 19 18.05 45 18.50 1,370 1,030 
1,045 2 20 19.00 45 19.45 1,370 1,030 


























a/ Based on a field lug net weight of 36 pounds or 27.8 field lugs per 1,000 pounds of total fruit run. 


b/ The grading labor required is estimated by the following equation: Grader hours per grading table = 1.26 + 0.36P af 
.62C; where P = 1,000 pounds fruit packed per hour and C = 1,000 pounds of culls and overripes packed per hour. | 


c/ Based on a wage rate of $0.95 per hour which includes an allowance of approximately 5 per cent of worker's pay fo 


| 


employer's contributions to Social Security, Workmen's Compensation Insurance and other worker benefits. 

a/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours use and electric power at $0.03 
per hour per motor horsepower. 

e/ Based on the use of a 10 1/2-foot grading table for 6 graders or less and one 17 1/2-foot table for 7 to 10 graders. 
For 12 to 16 graders, one 10 1/2-foot and one 17 1/2-foot table is used; for 16 to 20 graders, two 17 1/2-foot tables 
are used. With the larger table, a belt is required to distribute fruit to more than one packing line. Presizer is 
required for each grading table. Replacement costs: presizer--$2,000; 10 1/2-foot grading table--$615; 17 1/2-foot 
grading table--$825; and 30-foot distribution belt--$860. 

£/ Estimated as a percentage of replacement cost of 13.2 per cent for the presizer and 14.8 per cent for the grading 
table and distribution belt. See Appendix Table C. 


g/ L = plant capacity in 100 field lugs per hour. 
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Figure 8. Total Season Cost of Grading Plums in Relation to Grading Capacity Rate, Per Cent Culls, 
and Length of Season. Packing California Plums, 1955. 
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Packaging Methods 
Two broad categories of plum packaging methods are considered. One cate- 

gory includes methods in which all or a portion of the plums are "place-packed" 

manually in a definite pattern. The other includes methods in which the packages 





are bulk filled to a predetermined weight, with the filling operation performed 
either manually from bulk bins or by automatic machinery. Presently, most Cali- 
fornia plums are place-packed in a standard wooden crate which contains four 
split-wood baskets and approximately 28 pounds net weight of fruit. A small 
volume of large-size fruit is individually wrapped, place-packed, and shipped 
interstate in "peach lugs" holding approximately 18 pounds of plums. A few plants 
ship plums in the "Brentwood lug" containing approximately 25 pounds net weight 
and used primarily for small fruit--mainly the Tragedy variety. The Brentwood 
lug is partially place-packed with the remainder bulk filled. Trial shipments 
also have been made using a fiberboard container suitable either for place-pack 
or bulk-fill sathodare” Some of these container types--used primarily in inter- 
state shipments--are illustrated in Figure 9. In addition, a relatively small 
volume of fruit is bulk filled in Los Angeles lugs to a net weight of about 30 
pounds for shipment to California markets. 

Several different packaging methods and types of equipment may be used in 
the container-filling operations. The following methods are given specific 
consideration. 

Method A: Crate, belt pack. With this method, quality graded but unsized 

fruit is carried by conveyor belt along a line of packers who 
select fruit of given size and transfer it to the container. The 
plums are placed firmly in layers in each of four split-wood bas- 
kets contained in the crate. The placement pattern depends on the 
size of fruit packed. 2/ An outgoing belt conveys the fruit away 
from the grading table, while a return belt returns unpacked 
fruit for regarding or recirculation to the packers. Packers 


generally work at both the outgoing and return belt, with about 
34 feet of conveyor length assigned per packer. (Figure 10-A.) 





1/ Test shipments were designed and conducted by the California Grape and Tree 
Fruit League and an industry advisory committee in cooperation with the U. S. 
Department of Agriculture. For details, see Pilz, Edmund J., Goodloe Barry and 
Donald R. e nOEES New Shipping Containers for Plums (Washington: Govt. Printe 


Off., June, 1956), Lupe (Us. S. Department of Agriculture, Marketing Research 


Service Report Noe 128-2) 


2/ Designation of fruit size for the standard crate is based on a row count 
of the top layer of fruit in each wooden baskets For example, in a crate of 
h xh size fruit, the top layer in each basket contains four rows of four plums 
eache 
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A. Partially packed crate of 5 x 6 
size fruit showing the internal 
package components 








B. Partially packed telescope carton 


Figure 9. The Standard Crate and One of the Test Cartons 
Used for Interstate Shipments of Plums 











A. Belt equipment B. Bin equipment with rope 


sizing unit 





Cc. 


Figure 10. 


Rope sizer and padded bins for bulk- 
Pilling containers 


Principal Types of Equipment for Packaging Plums 
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3h. 


Method Bf Carton, belt pack, The packing equipment and methods are the 

—————— Same as with method A, except that the fruit is place-packed in 
acartone A definite pattern of placement in layers is used, 
depending upon the size of plums packed, but the pack is looser 
and less care in placement is required than with the standard 
crates 





Method C$ Grate, bin pack, With this method, graded fruit passes over a 
rope sizer which separates the plums into gradations of size 
along the padded packing binse The packing procedure is similar 
to method A, except that the job of selecting the correct fruit 
size has been reduceds (Figure 10-B.) 


Method Df Carton, bin pack, Procedure and equipment with this ioe are 
sabia aatiat to method C, except that the fruit is packed in cartons 


rather than crateSe 





Method E$ Rope sizing, bulk fill, Fruit is quality graded, then separated 
by means of rope sizers into 3 sizes that are packaged for ship= 
ment plus an undersize, with fruit in each size category deliv- 
ered to separate binse The bins incline toward a filling sta- 
tion, where fruit is pulled manually from bin to container. The 
container is leveled and transferred to a packed fruit conveyor 
by a station attendant. Either wood or fiberboard containers 
may be usede (Figure 10-C.) 


Method F3 Drop-roll sizing, bulk fill. Method E is duplicated, except for 
the substitution of drop=-roll equipment for the rope sizer. The 
fruit enters the sizer on closely spaced metal rolls. As the 
fruit is carried through the sizer, the roll-spacing increases 
allowing the fruit to drop in predetermined i categories to 
belts that convey the fruit to packing binse4 


Method G$ Automatic, bulk fill, This completely automatic bulk-filling 
method is presently used primarily in packaging citrus fruits. 
With minor modifications, however, it should be adaptable for 
use in filling plum containerse It involves use of a drop-roll 
sizer linked by a conveyor system to automatic filling stations. 
The container is automatically filled to a predetermined weight 
and ejected onto a packed fruit conveyor while an empty container 
moves into position for filling. 





In the estimation of costs with the various packaging methods, production 
standards are developed for place packing in different types of containers and 
with different types of equipment as well as for bulk-filling operations. Nu- 
merous factors affecting rates of output on these jobs are considered, espe~ 
cially in regard to place-pack methods. Place=packing time per container may be 


Labor Standards 


V/ It is not known whether there are differences in the quality of sizing 
done by the rope and drop-roll sizing equipmento 
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35. 


expected, for example, to 4ncrease as fruit of smaller size is packed, while 
smaller unit times may be expected if incentive piece-rate wages are paid as 
compared with hourly-rate wagesSe Type of equipment used-=that is, whether bin 
or belt~-may affect packing time and so may variety of fruit packede Special 
consideration also is necessary in estimating time requirements in packing the 
test carton to take account of lack of familiarity of individual packers with 
this type of containere 
Place-Packing Standards.--Place packing plums in either type of container 
requires the performance of miscellaneous operations such as obtaining and 
stamping the empty container, and placing pads and liners. These operations, 
however, require a relatively small proportion of the total time per container 
and are not greatly affected by type of container and type of equipment used. 
Most of the place-packing labor is expended in the selection and placing of in- 
dividual plums. Time-study methods were used to establish unit times for each 
miscellaneous operation and to estimate unit time per 100 fruits selected and 
placed in the containere Relatively detailed analysis of the latter operation 
was required. This involved separate determination of unit times with belt- 
and bin=type equipment and--with each type of equipment--estimates for crate and 
carton packings In regard to all measurements except the select-and-place fruit 





element with the carton, the time standards represent simple averages of net unit 
times per container for a large sample of workerse In regard to the test carton, 
however, the time-study measurements were obtained in such a way as to permit 
projecting the rate of improvement in packing rate with increased packing experi- 
ence. The time standards used are based on projections of estimated unit time to 
a total experience level with the new container of 200 cartons per packere This 
quantity was considered sufficient to reflect the performance rates of experienced 
packers, especially in view of the high degree of similarity with operations per~ 
formed in packing the standard crate and the nature of the new-job content. The 
mit times determined for these operations are based on the payment of piece=rate 
incentive wages to place~pack workers, the common practice in this industrye 

Time standards for the place-packing operations are given in Table 7e On 
belt-type equipment, miscellaneous operations are shown in the table to require 
a total of 0.92 man-minutes per crate and--due to the need for handling oe 
components--only 065 man-minutes per cartone The select-and=place fruit element 
iis shom to require less time with either type of container when bin=-type equip- 
ment is used as compared with belts; and time requirements per 100 fruits placed 
were less--with a given type of equipment~-with cartons than with crates, The 
unit times are not differentiated as to variety as the principal effect of this 
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TABLE 7 


Labor Requirements and Standards for Place-Packing Plums in the Standard Crate 
and Test Carton from Bin and Belt Equipment. 
California, 1955 



















Place 
Place 
Place 
Place 
Place 


Miscellaneous elements 
Get container and mark 


4 baskets 

8 shims 

k collars 

1 bottom pad 
top tray 


A. 


Productive Time 


Belt equipment 


Method A-- | Method B-- 





standard test standard test 
crate carton _ crate carton 
minutes 


Bin equipment 


Method C-- | Method D-- 


Transfer container to conveyor 






Select and place 100 fruit 





Belt equipment q pme 


Method A-- | Method B-- | Method C-- [Method D-- 
standard test standard test 
crate carton crate carton _ 


packages per hour 





a/ Blanks indicate this operation not performed with this type container. 


b/ Labor standards are determined by first multiplying the time to "select and place 
100 fruit" by the hundreds of fruit per container and adding this to the sum of 
the times for the miscellaneous productive elements to give total productive 
time per package. An allowance for rest periods, personal time, and unavoidable 
delay of 14.9 per cent of total productive time with belt equipment and 12.2 
per cent with bin equipment is then added to give the total time per package. 





c/ The number of plums of a given size packed in the carton varied slightly among 
plants. The typical number packed is indicated in this column. 


36. 





; 
ge 


factor was shown by the studies to be accounted for in terms of fruit size and 
the number of fruits required to fill a given container. 

The time standards given in terms of net (or "productive") unit times in 
the upper portion of Table 7 are the basis for the estimated production standards 
given in the lower portion of this table. The standards indicate potential out- 
put per packer hour in relation to type of container and equipment and fruit 
size. They are determined by finding first the typical number of fruits per 
container in each size category, applying to this quantity the unit time to 
select and place fruit given in the upper portion of Table 7, then adding to 
this result the time required by miscellaneous elements. This total net unit 
time is then increased to allow for unavoidable delay and scheduled rest periods 
to arrive at a gross time per container. Gross time per container divided into 
60 gives the production standards in containers per hour shown in the table. 

BulkeFill Labor Standardse--Time studies of bulk-filling fruit from bin- 
type equipment were made in two plants using packing method E. Net labor re- 
quirements for placing and removing containers at the filling station, assisting 
the fill, and operating the bin door were determined as 02626 man-minutes per 
container. An allowance of 25 per cent of net time to cover unavoidable delay 
was indicated by the studies to be essential, which makes the gross time re- 
quired 0.783 man=minutes per container. The resulting production standard is 
approximately 75 packages per worker hour. This standard is presumed to apply 
to any of the different packages used in bulk-fill operations and to be appro~ 
priate with either the rope- or drop-roll sizing equipment used with packaging 
methods E and Fe . 

Standards for Analysise--From Table 7 it is clear that differences in fruit 
size have an important effect on place-packing labor requirements and may be an 
important variable in the estimation of packaging costse To simplify the analy~ 
sis, however, the following cost comparisons among different methods and con= 
tainers are based on a single fruit size-=the average size packed in the plants 
studied i This approximates 200 fruits per crate and so the comparisons are 
based on the fruit size corresponding to the 3 x x 5 size as packed in the 
standard crate, in which these are typically 20) plums and approximately 28 


The effect of this simplification on relative costs with different methods 
depends largely on the packer wage plan usede If piece rates undifferentiated 
as to fruit size are used, theeffects on relative costs are small. If piece 
rates are adjusted for differences in fruit size, or if the packers are paid an 
hourly wage, relative costs among methods may change substantially as fruit size 
is varied. This effect would be of little importance in comparisons of different 
methods of place=-packing. Under some circumstances, however, it would signifi- 
cantly affect cost comparisons among Place=pack and bulk-fill methods and in pare 
‘t+nynlar would encourage the use of bulk-fill methods with small-size fruit. 
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pounds net weight packed per crates If the same average size fruit were ea 
in the carton, fruits per carton would average about 182 and net weight approxi- 
mately 25 pounds per cartone On this basis, unit times for packing the carton 
must be adjusted by the factor 28/25 (an increase of 12 per cent) to place these 
estimates on the basis of weight-equivalence with the standard crate. Rebinated 
time requirements and production standards per crate, carton, and crate equiva~ 
‘lent in the carton are given in Table 8. Values also are given for packing the 
Brentwood 1vg and bulk-filling containerse 

The table indicates an average time of 8.56 minutes per crate packed from 
belt equipment as compared with 77 minutes per crate equivalent of cartons 
packed from beltse With bin-type equipment the comparable unit times are 6.16 
minutes per crate and 5.07 minutes per carton. These results indicate moderate 
time reduction in the use of the cartons as compared with crates and a substan=- 
tial reduction in unit time requirements with bin as compared with belt equip- 
mentex The use of bulk-fill methods, of course, is shown to be most eccneidoal 
of labor, reducing labor use to only 10 to 15 per cent of that required with the 
other packing methodse 


Labor Costs 


In place=packing plums, the packers commonly are paid on a piece-work basise 
Most firms pay a flat rate per container regardless of fruit size, although in 
two of the plants studied, the rate was graduated so as to maintain packer earn= 
ings at a more nearly uniform level as fruit size variese The piece rates ob-= 
served in the San Joaquin Valley ranged from 11 to 17 cents per crate, with 12 
cents the most common ratee In the Sacramento and Sierra Foothills districts, 
the rates ranged from 13 to 17 cents per crate with ly cents the most common 
rate. A minimum payment of 75 cents per hour was required “to conform with minimun 


I 
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1/ The unit packing times given for belt as compared with bin-type ier 
reflect differences actually observed and believed to be typical of this equip- 
ment as actually usede In most plants using belts, however, there was strong 
evidence of overly intensive use of the packing equipment-—that is, too many 
packers were employed in relation to the volume of fruit flow. As a result, 
productivity of packers at the end of the conveyor line frequently was low due to 
inadequate supplies of fruit or of particular fruit sizes. This tendency was 
much less evident in plants using bin-type equipment. It was not possible, how- 
ever, to determine the impact of these circumstances on estimated unit packing 
times with the two types of equipment. 
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TASLE 8 


Packaging Labor Standards Used in the Cost 
Synthesis of the Packaging Stage. 
California Plums, 1955 





Method of packaging STS ie 
| and type of equipment Time and production standards | 
| ' manutes per packages per | 
| package | worker hour | : 
' \ | 


Belt equipment | 
Standard crate (3 x 4 x 5) 8.56 





| 
| | 7.00 | 
| Test carton (25 pounds net) 6.67 | 9.00 | 
| Test carton (crate equivalent) 7-7 | 8.05 | | 
| Brentwood lug (crate equivalent) | hi. 76 12.60 | 
| Bin equipment | | 
Standard crate (3 x 4 x 5) 6.16 9.75 | 

| Test carton (25 pounds net) 4.53 13.25 
| Test carton (crate equivalent) 5.07 11.85 | 
| Bulk fill (crate equivalent) -78 75.002 | 


| 


: , i 


a/ Rounded to the nearest five packages 
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wage siete 2 but hourly earnings of experienced packers paid on a piece-rate 
basis easily exceed this level. Since the plant cost analysis is presented on 
the basis of average-size fruit, the piece rate most frequently observed-- 12 
cents per standard crate--was selected. 
While piece rates for place-packing the crate are relatively well estab- 
lished in each locality, there initially was insufficient experience with carton 
packing to provide a basis for fixing a suitable piece rate. Most firms paid for 


packing the test shipments on an hourly-rate basis, although some shifted to a 





piece-rate wage after sufficient packer experience had been accumulated to indi- 
cate an appropriate level. In the absence of an established rate for carton 
packing and for purposes of comparison it was assumed that hourly earnings in 
packing the carton would eventually stabilize at a level comparable with current 
earnings in packing the crate. Taking account of differences in packer output 
rates with crates and cartons, the rate of 12 cents per standard crate would cor- 
respond to 9.3 cents for the average 25-pound carton packed with belt-type equip- 
ment and 8.8 cents per carton if packed with bin-type equipment. If these rates 
are adjusted to a weight-equivalent basis, the corresponding piece-rate wages for 
cartons would be, respectively, 10.4 and 9.9 cents per crate equivalent. 
With the bin-type equipment, supplementary labor frequently is employed to 
assist the packers. This work consists of pulling fruit down to the lower por- 
tions of the bins to make it more accessible to the packers and pushing packed 
fruit along the gravity conveyors leading to the lidder. These workers--called 
"bin boys"--were typically paid $1.00 per hour. 
In the bulk-filling operations, the only labor involved is that of attendant 





at the container-filling station. These workers typically were paid $1.00 per 
hour. 
When the employers! expenses for workmen's compensation and social security-- 
approximately 5 per cent of direct wage payments--are added to the above, wage 
rates in the packaging stage are as follows: place-pack the standard crate, 12.6 
cents per crate; place-pack a crate equivalent in cartons, 11.0 cents for cartons 
packed from belts and 10. cents for cartons packed from bins; and $1.05 per hour 
for bin boys and bulk-fill attendants. 





a ee ee 


1/ In 1956, the minimum wage was raised to $1.00 per hour. 
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Equipment Requirements and Costs 

A final component of costs in the packaging stage is the fixed charge for 
equipment and the building space occupied by it.> This varies with type of 
equipment and size of plant. A general description of the equipment used with 
each method has already been given. More detailed specifications, estimates of 
capacity output rate, and installed cost per equipment unit are given in Table 9. 
The equipment specified with each method includes packaging equipment--such as 
conveyors and bins--sizing equipment where required, and conveyors for transport- 
ing packed fruit to the lidder. 

| 


Packaging Costs 


The production standards and cost data developed above are applied ‘i Table 
10 in the estimation of labor and equipment requirements and costs with each of 
the place-pack methods considered. The table gives, for selected output rates, 
the number of packaging lines required with each method and the number of workers 
required in each labor category. The number of hourly-rate workers and their 
typical wage rate are used to estimate labor costs in this category, while packer- 
labor costs are computed by applying the piece-rate wage to the number of con- 
tainers packed. Equipment investment costs are based on quantities required in 
relation to output rate as indicated in Table 10 and unit equipment prices given 
in Table 9. The estimates of building investment given in Table 10 for space 
occupied by the packaging equipment are based on estimated space requirements and 


unit building costs developed in a later secttens Estimates of variable repair 





expense and of annual charge for equipment as well as equations relating annual 
charge and variable cost to plant size are given in Table 10. They are obtained 
by computations like those in previous stages. 


Results obtained by a similar procedure are given in Table 11 for the bulk- 
fill packaging methods. 


1/ High-capacity methods, such as bulk-fill, require considerably less floor 
space than the place-pack methods. Building space requirements thus affect 
relative costs among different packaging methods, and so costs of the space used 
in packaging is included in this stage. 


ef As is evident in the building cost estimating data given later in Table 20, 
unit building investment costs decrease as size of building increases. This 
effect is reflected in the building investment costs given in Tables 10 and ll. 
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TABIE 9 


Description of Packing Equipment and Estimated Replacement Costs for Each Method. 
Packaging California Plums, 1955 










E 






Capacity 
per packing 


crate 
equivalents 


dollars 





Belts--Each unit composed of a packing belt 2 
feet wide and of length up to 75 feet with a 
return belt 13 feet wide. For 75-foot length 
with space for 40 packers. Power conveyor for 
packed fruit. A and B 


Bins--Each unit composed of a double line of 
bins placed back to back. Each double bin is 
4O feet long and has a double line of rope 
sizers. Space adequate for 12 packers per 
unit. Gravity conveyor for packed fruit. C and D 


Bin bulk-fill with rope sizers--Each unit has a 
series of rope sizers which drop fruit of 
different sizes into compartments of the 
padded bin. Each unit is 36 feet long with 
room for 5 workers to fill container. Each 
filling station is equipped with a scale to 
weigh the container. Power conveyor for 

filled containers. 


Bulk-fill with drop roll sizer--Each unit has a 
belt conveyor and shears to transport and 
divert fruit of different sizes into compart- 
ments of the padded bin. The unit provides 
10 filling stations each equipped with a scale 
to weigh the containers. 





2,2h5¢/ 1,210°/ 








upe/ 1,460% | — yoo8/ | ayot/ 

















375 1,6602/ | — 7008/ 7008/ 



















Automatic filling equipment--Each unit has a 
drop roll or diverging roll sizer with belts 
and shears to transport fruit of different 
sizes to the filling stations. Each unit has 
six carton conveyors and automatic fillers and 

shakers. 








a/ Packing capacity for packages other than the crate depends on the labor standard for that package (see Table 


b/ Investment cost of packing belt unit is estimated by the equation: Cost = $550 + 50L, where L = length of belt unit 
in feet. length of belt is estimated by the equation: L = 5 + 1.75W, where W = number of packers and L = belt 
length in feet. Also includes the cost of 40 packing stands at $15 each. 


c/ Investment cost of power conveyor for packed fruit is estimated by the equation: Cost = $650 + $9.50L for ¢ 


Quipment replacement costs 


Packed fruit conveyor | Total cost 
Packaging] First Each addi- of 
unit unit unit tional unit | first unit 









7,145 


1,880 


2,360 


750 10, g60b/ a; o55t/ 1,0552/ 12,015 






8). 


onveyor 


for the first packing line and Cost = $325 + $9.50L for conveyor for each additional packing line, where L = length 
of conveyor in feet. The length of conveyor required is estimated by the equation: L = 28 + 3.5W for the first 


packing line and L = 23 + 1.75W for each additional line, where W = number of packers per line and L = conve 


yor 


length in feet. With 40 packers per line, 168 feet of conveyor is required for the first packing line and 93 feet 


for each additional line. The cost of a mechanical interlock to regulate the flow of packages at the junction of two 


conveyors also is included. 
a/ Includes the cost of 12 packing stands at $15 each. 
e/ Sidewheel gravity conveyor cost is estimated at $4 per foot. 
£/ Includes the cost of bin and rope sizers at $160 per unit plus the cost of 5 scales at $140 each. 


a/ The investment cost is based upon one-motor drive and 85 feet of steel roller conveyor for two equipment units and is 


estimated by the equation: Cost per two units = $325 + $12.60L, where L = conveyor length in feet. 


42. 
























h/ Includes the installed cost of ten 100-pound line scales--$1,400; ten filling stands--$180; one drop roll sizer--$6,500; 
and belt, shears, and padded packing bin 60 feet long--$2,880. The cost of the padded packing bin is estimated at 


$13 per foot. The belt and shears cost $300 for the drive unit plus $30 per foot in length. 


i/ The packed fruit power conveyor is 80 feet long and the replacement cost is estimated by the equation: Cost = $290 + 


$9.58L, where L = conveyor length in feet. 


J Capacity of this unit depends on the size distribution of the fruit and the number of filling stations. It 
on the capacity of similar equipment for packaging oranges and lemons. On the basis of the smaller fruit si 
six filling stations compared with eight for oranges, the capacity is estimated to be approximately one-half 
capacity with oranges on a weight basis. 


k/ The estimated cost of the automatic filling unit consists of the total of a number of individual cost items. 





is based 
ze and 
the 


The 


two largest are the drop roll sizer at $6,500 and the six carton volume filling units at $8,500. The cost of a 
carton shaker unit in the packed fruit conveyor line is included. Costs include sales tax, freight, and installation. 


1/ Not applicable. 
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TABLE 10 
Crew and Equipment Reqyirements and Costs of Place-Packing Fresh Plums 
in Relation to the Method of Packaging, Type of Package Used, 


and Capacity Rate of Plant Output 
California, 1955 
Equations of 


Pi eHe cates bee gee: 
Job and crew Variable costs per hour Annual “eoaea Tot 
size es Equipment cost cost: annual fixed cost 
Bin repair Equi Buildy | Equip- {| Build- and variable cost 
boy= Laborb/ and po erc/ Total ment’! ing®/ cost per hourg/ 
number of workers dollars 


Method A--crate, belt pack at i 
























































1 h/ 10 8.82 2h 
1 20 17.64 +31 
1 30 26.46 38 
5 4O cae i 
50 -10 * cost = 615 + 41 
2 60 52.92 -72 : sg 
2 7O 61.74 -78 Variable cost per 
2 80 70.56 84 hour = .15 + 12.70P 
3 90 79.38 1.06 
3 100 88.20 1.12 
3 110 97.02 1.18 
3 120 105.84 1.24 
Method B--carton, belt pack 
1 10 8.80 
1 20 17.60 
1 30 26.40 
° cost = 615 + 
2 60 52.80 : ~ 
2 TO 61.60 Variable cost per 
2 80 70.40 hour = .15 + 11.10P 
3 90 79.20 
3 100 88.00 
3 110 96 .80 
S| 105.60 









Annual fixed 
cost = 430 + 350P 





Variable cost per 
hour = 50 + 13.55P 












pack 





Method D--carton, bin 
Annual fixed 
cost = 430 + 290P 


















Variable cost per 
hour = .50 + 11.20P 






Pea ees 
oe [wrens | 
whe 

RIESEH 





a/ This worker pulls fruit down into the packing bin making it more available to the packers, pushes crates down the gravity 
conveyor when necessary, and other miscellaneous jobs as required. One bin boy is provided for each packag. line. 


b/ Based on a wage rate of $1.05 per hour for the bin boy and the following piece rates for the crate and carton 12.6 cents 
for the crate for both packing methods, 11.0 cents and 10.4 cents per crate equivalent packed in cartons with packing 
Method A and B respectively. These rates include an allowance of approximately 5 per cent to cover employer's contributions 
to Social Security and Workmen's Compensation Insurance. 


c/ Equipment variable repair expense is estimated at 0.5 per cent of replacement cost per 100 hours use and power at $0.03 per 
hour per motor horsepower. 


a/ With Method A, the cost of the packing belt is estimated by the equation: Cost = 550 + 50L, where L = length of the belt 
unit in feet. L is estimated by: L = 5 + 1.75W, where W = the number of packers. 


e/ The building replacement cost is for the area required for the packers and packing equipment only. The replacement cost is 
based on an average cost per square foot that depends on size of building. See Table 20. 


t/ Based on an annual percentage of replacement cost. See Appendix Table © for the basis and the amount of this charge for 
each type of equipment and for the building. f 


g/ P = plant capacity in 100 crate equivalents packaged per hour. 


h/ Blanks indicate job not required for this method. 
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TABLE 11 
Crew and Equipment Requirements and Costs of Bulk-Filling Plums in Packages 


in Relation to the Method of Filling and Capacity Rate of Plant Output. 
California, 1955 


Fixed costs 
Equip- | Pack- Pack- Equipment costs costs< 
Plant ment aging aging, | repair and Equip- 
capacit; units |workers| labor®/ power>/ | Total | ment g 


crates per hour 





~ 
. 

= 
ww 


Annual fixed 
cost = 340 + 125P 


FSRSRSASS 


Variable cost per 
hour = .60 + 1,41P 
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Method F--drop-roll sizing, bulk fill 


FP Sw oN aM Fwre 
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Annual fixed 
cost = 1,050 + 275P 


. 


Variable cost per 
hour = 1.10 + 1.43P 


ad 
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Method G--automatic bulk fill 


Annual fixed 
27,445 | 2,880 | 4,062 302 4, 364 | cost = 2150 + 580P 
3.14 | 54,890 | 5,616 | 8,124 | 590 8,714 vicisinxsobetee 
hour = .78 + .21P 


a/ Based on a wage rate of $1.05 per hour which includes an allowance of approximately 5 per cent of worker's pay for 
employer's contribution to Social Security, Workmen's Compensation Insurance, and other worker benefits. 








v/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours use and power at $0.03 per hour 
per motor horsepower. 





c/ The building replacement cost is for the area required for the packagers and packaging equipment only. The replacement 
cost is based on an average cost per square foot depending on the building size. For Method F and G, this cost is 
estimated at $2.00 per square foot for the plant with one equipment unit and $1.95 per square foot for the plant with 
two equipment units. 


a/ Based on an annual charge of 14.8 per cent of replacement cost for equipment and 10.5 per cent for the building. See 
Appendix Table C for the basis of these charges. 


e/ P = plant capacity in 100 crate equivalents packaged per hour. 


t/ Labor for machine attendance is provided for in the direct supervision component. 


45. 


Total Season Costs 


As in preceding stage analyses, equations relating annual fixed cost and 
variable costs per hour to rate of plant output as given in Tables 10 and 11 are 
used to estimate total packing cost in plants of given size operating a specified 
number of hours per season. Total season costs computed in this way for seasons 
of 100, 300, and 500 hours are shown graphically in Figure 11. Each panel of the 
chart also gives for the different methods an equation relating total cost in a 





season of the length specified to rate of packed output. 
For the lengths of season considered in Figure 11, all methods of bulk-fill 
are considerably less costly than place-pack methods except in plants of extremely 
low output rate. Of the place-packing methods, costs with the standard crate are 
consistently higher than with crate-equivalent volumes packed in cartons. ‘There 
is little difference in cost between place-packing with bin- or belt-type equip- 


ment. 





Among the bulk-filling methods, the low-cost technique over most of the 
ranges in season length and output rate considered is method E, involving the use 
of rope-sizing equipment in conjunction with bulk bins. The cost advantage of 
this method as compared with method F--the bulk bin with drop-roll sizer--is to 
be expected, since the essential difference between these methods is the use of 
a more expensive sizing machine with higher annual fixed charges for method F as 
compared with method E. Selection of method F, therefore, would be justified 
only if there were sufficiently large additional economies resulting from improved 
quality of sizing. Method G--involving automatic packaging and high fixed costs 
for equipment--becomes more economical as length of season increases. Even with 
a500-hour season, method G becomes lowest in cost only in plants of relatively 


large capacity.2 


- =-— = ee — ee — we Fe er Or -~-—---<- = m= oe we em Olle 


1/ The above comparisons of packaging cost are based on "smoothed" cost equa- 
tions. This is satisfactory for place-packing methods, but with bulk-filling 
methods--particularly with automatic packaging--the large investment cost of one 
equipment unit causes large discontinuities in the equations for season cost. To 
estimate the effect of this on the selection of the lowest cost packaging methods, 
season costs with the bulk-fill packaging methods were calculated for closely 
spaced output intervals from the variable costs per hour and annual fixed costs 
given in Table 11. Method E, using rope sizing equipment with padded bins, gave 
the lowest season cost for 100- and 300-hour seasons--the same result obtained 
with smoothed equations. With a 500-hour season, automatic packaging, method G, 
gave lowest cost at output rates from about 530 to 750 and from 1,200 to 1,500 
crate equivalents per hour. Bins with rope sizing gave lcwer cost for the other 
cutput rates. For simplicity, the smoothed equations of variable cost per hour and 
annual fixed cost~--developed and given in Table ll--are used to estimate total 
season costs of packaging in Figure 11 and total plant costs in a later section. 
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Total season cost, thousand dollars 
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100 Hour season 


Season cost 


4$630+ 1685P 
630+ 1475P 
480+ 1705P 
480+ 1410P 
400+ 266P 
1160+ 418P 


2228+ 601P 





100 


50 


40 


300 Hour season 


Season cost 


4 660+4225P 
660 +3695P 
580+4415P 
580 +3650P 
520+ 548P 
1380+ 704P 
2384+ 643P 





500 Hour season 


Season cost 


$690+6765P 
690+ 5915P 
680+7125P 
680 + 5890P 
640+ 830P 
1600+ 990P 
2540+ 685P 





P: Plant capacity, 100 crate equivalents per hour 


Figure 11. Total Season Costs of Packaging Plums in Relation to Method of Packaging, Length 


of Season, and Plant Capacity Output Rate. California Plums, 1955. 
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47. 


Container Making 


In this section, costs with different methods of fabricating the standard 
crate and the fiberboard carton are considered. Additional labor involved in 
crate but not carton fabrication includes pasting labels and--for the large-size 
fruit--nailing a cleat to the crate ends to provide a deeper container. 


Methods and Equipment Used 
Four different methods of making the standard crate and two types of carton 


forming are considered as follows. 





Method A: Crates. Shook materials (crate components) are assembled in a 
Simple jig, or nailing stand, and nailed manually. Shook is 
supplied from a temporary storage point by the crate maker. 


Method B: Crates. This involves manual assembly of shook sicterials into 
a stitcher-type nailing machine that drives one nail per machine 
cycle into each end of the crate. A shook boy assists the crate 
maker by supplying shook from nearby temporary storage. 


Method C: Crates. The shook materials are placed manually into a standard 
nailing machine equipped to complete the nailing of either the 
bottom or a side of the crate on each cycle of the nailing head. 
Supply of shook from a temporary storage point is performed by 
a helper. 


Method D: Crates. With this method, the procedure is the same as with 
method C, except that the crate ends are fed into the nailing 
machine automatically. 


Method E: Stapled carton. Flat carton assemblies are folded manually 
and the bottom flaps stapled in a stapling machine. Two-inch 
flaps at the top of the carton are turned out and down, and a 
full-depth liner is folded and inserted. The carton cover is 
folded, but not stapled. 





Method F: Full telescoped carton. With this method, both the bottom and 
full-telescope cover are folded manually; neither is stapled. 


Labor and Equipment Requirements and Costs 


Production standards for making the crate are based on time and production 





studies of such operations in a variety of deciduous fruit packing houses, while 
standards for assembly of the carton are based on relatively limited studies in 
plum packing houses. The standards are based on labor performance with piece-rate 
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46. 


wage plans in crate fabrication and hourly-rate wages for carton assembly.2/ 
These standards and estimates of crew and equipment requirements, and of variable 
and fixed costs in relation to output rate with the various methods of crate and 
carton fabrication are given in Table 12. As in previous stage analyses, the 
costs given in the table are used to develop equations of variable cost per hour 
and annual fixed cost. These equations, given in the last colum of Table 12, 
are then used to develop the estimates of total cost in relation to output rate 
shown graphically in Figure 12 for seasons of 100, 300, and 500 hours' operation. 
Each panel of this chart also gives for each method an equation relating total 
cost for the length of season specified to rate of output in this stage. 
For crate fabrication, Figure 12 shows that method A, which involves a mini- 
mum of mechanization, is most economical for an operating season of 100 hours. 





With seasons of greater length, mechanized methods of crate making become eco- 
nomical. With an operating season of 300 hours, method A gives lowest cost in 
plants of capacities less than 260 crates per hour while method C, using the 
standard nailing machine, is lowest in cost for plant capacities from 260 to 570 
crates per hour. For plant capacities greater than 570 crates per hour method D, 
which uses automatic end feed and nailing of the crate, is lowest in cost. A 
similar pattern applies with a 500-hour season, except that the shifts in method 
occur at lower output rates. 
With carton assembly, Figure 12 shows method E--in which the stapled carton 
and folded cover is used=--to be lowest in cost over the ranges in plant size and 
length of season considered, except in small plants with short-season operation. 


Empty Container Supply 


This stage includes the movement of empty containers from point of fabrica- 
tion to the packaging stations. The analysis is developed initially in terms of 
procedures and costs regarding container supply operations in place-packing the 
standard crate. The results then are modified for application to carton-supply 
operations. Attention also is given--on a simplified basis--to the supply of 
containers for bulk-fill operations. 





1/ Almost without exception, a piece-rate wage was paid for labeling, making, 
and cleating the crate. This presumably reflects a desire to maximize output 
from each nailing machine and thus reduce plant investment. 
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TABLE 12 


Container-Making Crew and Equipment Requirements and 
Costs in Relation to Output Rate. 
Packing California Plums, 1955 





Variable costs per hour E A Equations of 


contsogs Label | Equipment annual fixed cost 
Con’ and repair 9 
waxing? cleat’/ | ana powerd/ “ 





cost = 122 + 98P 


Variable cost per 
hour = 1.96P 


Annual fixed 
cost = 321 + 126P 





Variable cost per 
hour = 1.66P 


Annual fixed 
cost = 35 + 25V 


Variable cost per 
hour = .63 + 1.60V 


Coe 


. 


SAaAy EYE 
SUBSGBaES 


on 


Annual fixed 
cost = 2 + 6V 


Variable cost per 
hour = .53 + 2.06V 


Aun Fun re NNNNRPRPRE 








a/ The crew organization for Method E uses one worker for the entire carton making and stacking operation up to his 
capacity rate of 71 cartons per hour. Beyond this rate, other workers are required and the standard for folding the 
bottom of the carton and stapling is 280 cartons per hour. Other standards for making (containers per hour): Method 
A--59; Method B--250; Method C--430; and Method D--500. For the shook worker, the labor standard is 500 crates per 
hour. The labor standard for the carton helper, Method E, who performs all operations except folding and stapling the 
bottom of the carton is 95 cartons per hour. 


D--$1.00. The carton maker, carton helper, and shook worker are paid $1.05 per hour. All piece rates and wage rates 
include an allowance of approximately 5 per cent for employer's contributions to Social Security and Workmen's Compen- 
sation Insurance. 


b/ For making the crate, the piece rates per 100 crates are: Method A--$2.00; Method B--$1.30; Method C--$1.10; — 


c/ Includes an allowance of $0.30 per 100 crates for each of the operations of labeling and cleating. Since about one- 
third of the crates are cleated, the average cost per 100 crates is estimated at $0.40 per 100 crates. 


a/ Variable equipment repair estimated at 0.5 per cent of replacement cost per 100 hours of use and power at $0.03 per 
hour per motor horsepower. 


B, stitcher machine--$1,850; Method C, standard nailing machine--$3,590; Method D, end-feed machine--$4,860; Me 
E, stapling machine--$500; carton folding stand--$25; and Method F, carton folding stand--$25. 





e/ Based on the following equipment items and replacement costs: Method A, shook holder and making stand--$50; ob 
id 
| 


t/ Based on a percentage charge of replacement cost of 11.5 per cent for Method A and 13.2 per cent for the other methods. 
See Appendix Table € for the details. 


g/ P and V = plant capacity in 100 crates per hour and 100 cartons per hour respectively. 
b/ Blanks indicate job not performed with this method. 


4/ Less than $0,005, 








Total season cost, 1,000 dollars 





100 Hours per season 


Season cost 


E9}98+ 185v 
F 55+212V 
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V: Plant capacity, |OO cartons per hour 


100 Hours per season 


Season cost 
$ 3+251P 
122+294P 


237+287P 
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P: Plant capacity, 100 crates per hour 
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500 Hours 
per season 


300 Hours per season 





Season cost 


E $224+ 505 Vv 
F I61+624Vv 


Season cost 


E $ 350+ 825V 
F 267 + 1036V 
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A. CARTONS 





500 Hours 
per season 


300 Hours per season 


A $ 3+732P 
B 122+686P 
C 237+641 P 
D 321+626 P 


_Season cost __ 


A $ 3+1213P 
B l22+lI078P 
C 237+ 995P 
D 321 + |958P 
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Figure 12. Total Season Costs of Container Making in Relation to Methods Used, Capacity Output 


Rate and Length of Operating Season, Packing California Plums, 1955. 
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Container Supply Methods 


While the container supply operations are similar for the different types 
of containers and packaging methods, there are differences in detail that affect 
costs. In most circumstances, for example, perfect integration in the rate of 
container fabrication and their use is not realized so that a portion of the 





assembled containers may be diverted to temporary storage during slack packing 
periods. This reserve supply is then drawn on during peak packing periods. With 
cartons, an estimated 20 per cent of the total containers packed are handled in 
this way as compared with roughly 50 per cent for the standard crate. The higher 
percentage with crates results from the fact that two different crate sizes--as 
compared with one carton size--must be available to the packers to accommodate 
the range in fruit sizes usually packed. To avoid excessive frequency in nail~ 
ing machine adjustment, there is a higher proportion of crates than cartons 
assembled for inventory rather than immediate use.— 
Furthermore, equipment requirements are somewhat lower in the supply of 
cartons for place-packing and bulk-filling as compared with the crate. The 
lower equipment requirements are largely the result of higher rates of packer 
output in place-packing and bulk-filling the carton. Fewer packers and less 
container supply equipment are required for a given rate of output. 
Costs with five methods of container supply are considered. The last of 
the methods listed below is considered only in container supply for buik-fill, 
while the remaining methods are considered for the supply of either crates or 
cartons in place-pack operations. Procedures with these methods are as follows. 
Method A: Hand truck supply. With this method, containers moving on a 
gravity conveyor from the container assembly point are set off 
and stacked. The stacked containers are trucked to the end of 
the packing lines then transferred to and pushed down gravity 


conveyors leading to the packers. Excess containers are trucked 
to a temporary storage then to the packing lines as needed. 


Method B: Monorail conveyor. Containers on a gravity conveyor from the 
——— ‘tGontainer assembly point are transferred to hooks on an overhead 
monorail conveyor which carries them through the packing area. 
Excess crates are set off and stacked nearby then transferred to 
the monorail as needed. 
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Vy These percentages may not be appropriate for a given plant, but substantial 
departures from these percentages would not significantly affect relative costs 


with different methods. 
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52. 


Method C: Mezzanine fabrication and supplies. All container fabrication 
and supply operations are performed on a mezzanine. Containers 
move by gravity conveyor directly from assembly points to chutes 
leading to conveyors along the packing lines. Individual con- 
tainers are transferred manually from mezzanine conveyor to 
chute or placed in nearby temporary storage as required.l 





Method D: Basement supply. Container fabrication and storage are per- 
ormed in the basement. Assembled containers are elevated to 
the packing-floor level nd discharged directly onto conveyors 
to the packers. 


Method E: Bulk-fill container Supply. With this method, containers are 
set off and stacked from the container maker. They are then 
hand trucked from this area to a set-on point and transferred 
to a conveyor leading to the filling Wattons.2/ 


Labor and Equipment Requirements and Costs 


Equipment requirements with a given method in the carton-supply operations 
depend primarily on plant layout and on the capacities and dimensions of the 
packaging equipment used. The types and quantities of equipment required with 
the various methods are given in Table 13. 

Labor requirements are estimated from plant time and production studies. 
Some of the carton-supply jobs involve several different operations--for example, 
with method A, trucking stacked containers and feeding containers to conveyors 
to the packers may be performed by a single worker. In some cases, unit times 
were estimated for the individual operations (given in Appendix Table A) and then 
combined to give an estimate for the composite job (Table 1)). 

Production standards for the container supply operations are used to esti- 
mate the crew and equipment requirements and costs for each of the methods in 
relation to rate of output (Table 14) .2/ The equations given in the table are 
then used to estimate total season costs of the container supply operation. 

These cost relationships are shown graphically in Figure 13 and indicate the low- 
cost method in relation to rate of output for three lengths of season. 


1/ Provision of a container mezzanine reduces space requirements at the pack- 
ing floor level. The resulting reduction in building cost is approximately equal 
to the added costs of mezzanine construction. 


2/ Although other methods of container supply are available for bulk-filling 
operations, only one method is considered. 


3/ The equipment requirements and costs for the distribution of empty contain- 
ers for place-packing are based on the use of belt-type packaging equipment. Very 
little difference would, however, be found in regard to each method if its use 
with bin-type equipment were considered. Consequently, specific results are 
given only with respect to belt-type equipment. 





notdsoindat wenkedios ILA Bae it _Saita sie 
gyemesnod <egtiSscem & ne SSM tS 9'L6 Tes vigor. bag 
asticdo ot edutor yfdaszee mott yitoatib 
«pos Ueubivioal 9 - cenit aicaoag cereney ay hey 
ys? Srbnetson Oe eee mm Des 
Rue sTOd otitet ydiser 


si oligos TOA ESS OD 
sinod 6ae + Moreh hevobte & bus 
cd moti Bsttoutd basa 
gnibsst xOvaernos s oF 


DNS. Btrema tt a ah. Foasma tend 
Pet Bhasin Baath ind 1 Sled lm vt nt arr eA Spa 
ons af bordism mete; BR ddiv etasmantinpsy. dasme! 
‘ 


esitiaadso Ssdi no bas guoyel SE OS basceb 


Ma lops “eitys aiend 
enoniam evobrsy odt 


+ 


Lupa ioxoded 


axovyernce o¢ auentedaos sotbest bas éusntscnos bexfoste 


semis: t ie f9525 ‘erode fi Tensor" elgare 8 yd. bomiotiead s 


tad. 


nett has (A éfcs xtbnacgA mt nevtg) enolgsteqo Esubiy ihr 10% bejemifes. stow 


offeoginos sit. 10 stamideo naveyig ot beotdndo 


“SiiTsdnes, eit tol ehtebaste soltoubon’ 


etaoo bis adnemetinpar dnemaiios pas were 


Sf 


santtsyoo art’ ME Gr eldsT) jtratuo to ster-od node le 


jtedtireo sid to atdeoo noAsse Indod stanites os bear croerft 


iT of yifeotdgess pwore eis eqtienonieles sao: 
send rcl guqtio 36 ede1 of 


sesirt 


dt bosidem seco 


~tosq 4 nd 26 evuatexivnesr esq s9hse orttnsesom “Maris 


ca74 


facpe led: rixoxqqs ef 4 antblind ni nokitoybet gnfs ts 
+foitsuttenos aniisssen to eieon bebha ard).ot 
gatitétesifud sot ofdslisve ote yiqque wsitistroa to abo deen tad so .tlavong La \S 


09 & th moiekyoss, Wf 
srt afl; .Leve fhigoolty tat 


eh 


ebetobfencs ef bodtem ean vino eno hs Tego 


oettist nos. yams to noitedtst sy 191 aszoo bus ettemortspst dapat iipes ont \F 


2 \S 

uteV .taenjiups ariasxosg oqvi-jfed To sag efit no beesd ote adivorq-sosts tot" 2: 

* sax gat tb bodten fore oF oesget of bavot ed .tevewod .bfiow soneisttth sis i! 
aie aiivaor ofiiosaa .viinsupacane . .bevsbiénos ere 3 Snsing tips ety ssthd Chie 

. Faso ferpe sqyt=t tod o¢ Jsoqgen ditw ying nevis 








os 


TABLE 13 


Quantities and Replacement Costs of Major Equipment Units Required with 
Different Methods of Container Distribution. 
Packing California Plums, 1955 


Item Description and quantit 


Conveyor from container maker 

















Replace- Methods 
ment appli- 
costs cable to 


4.00 A, B, and D 








Sidewheel, 20 feet per 500 container capacity 





per foot 










One-level roller conveyor, 10 feet plus 20 feet 



























per container supply line per foot 7.50 Cc 

Cross-bar type, two-level elevator including a 

limit switch at end of container conveyor, one 

per packing line 665.00 D 
Container chute Two-level chute from mezzanine to the two-level 

supply conveyors alongside the packers, one per 

packing line c 


Conveyors alongside packers 










Gravity, two level 









Belt packing (crate) For each packing line 1.75 feet of wheeled con- 
veyor per packer (maximum of 40 packers per 


line, conveyor centered over the packing line) A, C, and D 







For first packing line 6 feet of wheeled con- 
veyor per packer (12 packers per line), three 
feet per packer on additional lines 


Bin packing (crate) 











per foot A, C, and D 


Gravity, single level 












Belt packing (carton) For each packing line 1.75 feet of wheeled con- 
veyor per packer (maximum of 40 packers per 


line, conveyor centered over the packing line) 







per foot A and C 







Bulk packaging Roller conveyor, 4 feet per worker bulk- 
filling packages 
















per foot 


Monorail 





Crate and carton Layout of packing lines similar to that with 
other container supply methods. Monorail con- 
veyor runs between and along the outside 

of the packing lines. In addition, 20 

feet of monorail conveyor required from the 
crate set-on station to the first packing line, 
plus 20 feet between each additional packing 
line and plus return from the last packing line 
back to the container set-on station 














TABLE 14 54, 


Crew and Equipment Requirements and Costs of Supplying Containers. 
Packing California Plums, 1955 


Variable costs per hour 


Crew required 




















































in relation | 
to capacity Equations of 
output rate annual fixed cost 
Container supply method Plant Crew and variable cost 
and production standard Labor®/ epee 
number 
crates of 
per hour| workers dollars 
CRATES 
Method A--Hand truck supply 
Set off and stack packed crates 16 high (pro- 280 2 2.10 -Oh 2.14 730 % 
duction standard, 1,000 crates per man-hour); 425 2 2.10 +06 2.16 1,290 170 
and hand truck one-half of total volume directly 500 3 3.15 .06 | 3.21 }| 1,290 170 | Annual fixed 
to packer supply conveyor and transfer crates to 560 3 3.15 -07 3.22 1,370 181 cost = 50 + 30P 
conveyor, hand truck remaining crates 30 feet to 750 3 3.15 +10 3.25 1,930 255 
temporary storage, and then 60 feet to packer 8ko 3 3.15 +10 | 3.25 | 2,020 267 | Variable cost per 
supply conveyor as needed (production standard, 850 3 3.15 13 3.28 2,580 341 hour = 1.40 + .33P 
425 crates per man-hour). 1,000 4 4.20 +13 «| 4.33 | 2,580 341 
1,120 5 5.25 +13 «| 5.38 | 2,660 351 
Method B--Monorail conveyor 
Transfer one-half of crates directly from con- 280 i 1.05 Fk 1.16 1,760 233 
veyor from crate maker to hook on monorail 480 4. 1.05 15 41.20 2,39 317 
conveyor, set off and stack remaining crates in 500 2 2.10 +15 2.25 2,395 317 (‘| Annual fixed 
nearby temporary storage, and then transfer to 560 2 2.10 -16 | 2.26 | 2,475 328 | cost = 185 + 32P 
monorail conveyor as needed (production stand- 840 2 2.10 +20 2.30 3,110 4a 
ard, 480 crates per man-hour). 880 2 2.10 24 | 2.34 | 3,745 495 | Variable cost per 
960 2 2.10 25 2.35 3,835 506 | hour = .68 + .23P 
1,000 3 3.15 +25 3.40 3,835 506 
1,120 3 3.15 -26 | 3.41 | 3,915 517 
Method C--Mezzanine fabrication and supply 
Transfer one-half of crates directly from 280 1 1.05 +05 1.10 905 119 Annual $3aea) 
mezzanine conveyor from crate maker to packer 375 1 1.05 -09 1.14 1,735 229 a © ho 
supply chute, set off the remaining crates to 560 2 2.10 209 |.2509.|/0 a 735" | 220. 1-| COB: spe oe 
nearby temporary storage, and return them to 750 2 2.10 a3 2.23 2,565 339 Variabli fe 
chute as needed (production standard, 375 8h0 3 3.15 13 3.28 2,565 339 La =» e pe per 
crates per man hour). 1,120 3 3.15 17 3.32 3,395 448 our = ,56 + .29P 
Method D--Basement su 
Set off and stack crates 16 high (production 280 2 2.10 -08 2.18 1,39 184 
standard, 1,000 crates per man-hour); and hand 470 2 2.10 +15 2.25 2,620 346 
truck one-half of crates 30 feet direetly to 500 3 3.15 15 3.30 2,620 346 Annual fixed 
crate elevator and transfer crates individually 560 3 3.15 «16° ;| 3.31 | °25;700 356 | cost = 100 + 59P 
to elevator, truck remaining crates 30 feet to 840 3 3.15 .23 3.38 3,925 518 
temporary storage, and then 30 feet to elevator 900 3 3.15 -30 3.45 5,150 680 Variable cost per 
as needed (production standard, 470 crates per gho 3 3.15 -30 3.45 5,2h0 692 hour = 1.37 + .32P 
man-hour). 1,000 4 4.20 -30 | 4.50 5,2h0 692 
1,120 5 5.25 31 5.56 5,320 702 
PLACE-PACK CARTONS 
Method A--Hand truck sw 
Set off and stack empty cartons, hand truck 80 310 ai 1.05 -03 1.08 520 69 
per cent of total volume directly to packer 320 2 2.10 03 2.13 520 69 
supply conveyor and transfer cartons indivi- 500 2 2.10 Oh 2.14 870 115 
dually to conveyor, hand truck remaining cartons 620 2 2.10 -05 2.15 950 125 Anoual Ou: 8 
30 feet to temporary ate and then 60 feet 640 3 3.15 05 3.20 950 125 cost = 39 + 16V 
to packer supply as needed (production standard, 750 3 3.15 -O7 3.22 1,300 172 
310 cartons per man-hour). 930 3 3.15 .07 3.22 1,390 183 edgy Bay 
960 4 4.20 207 | 4.27 | 1,390 183 seria S| : 
1,000 4 4.20 09 | 4.29 | 1,7h0 230 
1,240 4 4.20 -09 | 4.29 1,820 2ho 
Method B--Monorail conveyor 
The job is the same as with the standard crate 320 a 1.10 al 1.21 1,850 hy 
(see above), except that only 20 per cent of 500 1 1.10 15 1.25 2,485 3287) | saat ete 
the total cartons handled are diverted to tem- 630 1 1.10 16 1.26 2,565 339 ost = 188 + 30V 
porary seam i (production standard, 630 cartons 640 2 2.10 +16 2.26 2,565 222 « = 
per man-hour). 900 2 2.10 -20 2.30 3,200 22 
960 2 2.10 20 | 2.30 | 3,290 | 43 lee eee ene 
1,000 2 2.10 +25 2.35 3,925 518 j 4 
1,260 2 2.10 25 2.35 4,005 529 
Method C--Mezzanine fabrization and sw 
The job is the same as with the standard crate 320 1 1.10 03 1.13 695 ge ‘Annie aaa 
(see above), except that only 20 per cent of 450 1 1.10 307 | ded) || 2,315 174 t = 53 . 2 
the total cartons handled are diverted to tem- 6ho 2 2.10 07 | 2.17 | 1,325 Sees Soe WV 
porary storage (production standard, 450 cartons g00 2 2.10 .10 2.20 1,935 255 
per man-hour). 960 3 3.15 10 | 3.25 | 1,935 | 255 eee ae 
1,280 3 3.15 13 3.28 2,555 337 j ; 
BULK-FILL CONTAINERS 
Method E 
From container maker, set off and stack con- 510 2 2.10 .02 2.12 390 51 Annual fixed 
tainers 16 high (production standard, 1,000 con- 750 3 3.15 302°" |) 9.637 390 51 | cost = 28 + 6P 
teiners per man-hour); and hand truck 16 high 1,000 3 3.15 .03 3.18 690 91 
stacks 60 feet and transfer to container supply | 1,020 4 4.20 +03 4.23 690 91 =| Variable cost per 
conveyor (production standard, 510 containers 1,280 5 5.25 .03 5.28 690 91 hour = 1.25 + .29P 
per man-hour ). 





a/ Based on a wage rate of $1.05 per hour which includes an allowance of approximately 5 per cent for employer's contributions to Social 
Security and Workman's Compensation Insurance. 


b/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours use and electric power at $0.03 per hour per 
motor horsepower. 


c/ Estimated at 13.2 per cent of replacement cost. See Appendix Table C for the basis of this annual charge. 
a/ P = plant capacity in 100 crates per hour and V = plant capacity in 100 cartons per hour. 





Total season cost, thousand dollars 


100 Hours per season 


Season cost 
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Season cost 





300 Hours per season 





Season cost 
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Por V: Plant capacity, 100 containers per hour 


A. CARTONS AND BULK FILL 
5 





5 






300 Hours per season 






Season cost Season cost 









190+ 63P 4T— A $470 + 129P 4E- a $7504 195 
253+ 55P B 389+ 101P 525 + 147 
116+ 69P C 228+ 127P 340+ 185 
937% S)P D 511+ 155P 7854+219 
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P: Plant capacity, |OO crates per hour 


B. CRATES 


Figure 13. Total Season Costs Of Supplying Containers To The Packers As Affected By Rate And Method Of 
Supply, Type Of Container, And Length Of Operating Season In Packing California Plums, 1955. 





500 Hours per season 


Season cost 
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500 Hours per season 








Direct Clerical Labor 





Direct clerical labor includes the following types of work: (1) stamping on 
each container such information as the size of fruit, minimum net weight, fruit 
variety, and federal-state insvection markings; (2) placing a top pad on each con- 
tainer; and (3) tallying the number of containers packed with respect to fruit 
size and as to grower and packer identity. The particular operations performed 
and the crew organization used varies among plants. Generally only two--but in a 
few plants three--stamping operations are performed. In some plants side liners, 
which fold over the top of the fruit, are substituted for the top pad. Two tally 
operations may be performed by a single worker, or these operations may be special- 
ized. Since variations in costs with the different procedures available are minor, 
production standards and costs are presented only for the situation most frequently 
encountered. This involves two separate stamping operations, placing a top pad, 
and two tally operations. 

Data as to labor production standards, and equipment requirements as well as 
estimates of crew organization and variable and fixed costs in relation to output 
rate based on these standards are given in Table 15. The table also gives simple 
equations relating these cost categories to rate of plant output. The equations 
of variable and annual fixed cost are the basis of estimated total cost in seasons 
of selected length shown graphically in Figure 14. The chart also contains equa- 
tions relating total cost in seasons of specified length to rate of output. 





Container Closing 


Five different methods of closing the packed container are described below. 
The first four methods pertain to placing a slatted wood cover on the standard 
crate, while the fifth method relates to closing the fiberboard carton. The 


closing procedures are as follows: 
Method A: Hand lidding. The packed crate and lid are placed in a foot- 


Operated press, which holds them in place while the lidder 
drives three nails in each end of the crate. 





Method B: Stitcher lidding. The packed crate and lid are assembled in 
@ nailing machine called a stitcher. As the crate is pushed 
through the machine by the operator, one nail is driven in 
each end of the crate on each of three cycles of the nailing 
head. 
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57. 
TABLE’ 15 


Costs of Direct Clerical Labor and Associated Equipment in Relation to Rate of Plant Output. 


Packing California Plums, 1955 
Plant 
capacity 


aS 
Stamp, Variable costs per hour 
oe SED] saa | 
containers 
O- 290 ab ak 
















Fixed costs 

Equipment | Average | Equations of annual 

replace=- | annual fixed cost and 
ment variable cost 


costa/ r ho 


dollars 





















291- 30 2 a 
341- 580 
581- 680 
681- 




















870 










Variable cost per 
hour = 1,03 + .60P 






871-1, 020 


1,021-1,160 






1, 161-1, 360 











a/ Labor standards (containers per hour): two-stamp operation, place top pad--290; single-tally operation-- 
680; and two-tally operation--3)0. 


b/ Based on a wage rate of $0.95 per hour for the stamper and $1.05 per hour for the tally worker. This 
includes an allowance of approximately 5 per cent for employer's contributions to Social Security and 
Workmen's Compensation Insurance. 

c/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours use. 


a/ Based on one stamp stand and stamps per stamper at $20 each and one tally desk and materials per tally 
worker at $15 each. 


e/ Based on an annual charge of 13.2 per cent of replacement cost. See Appendix Table c for the basis and 
details of this charge. 


£/ P = plant capacity in 100 crates per hour. 
g/ Less than $0.005. 





Hours 

operated Season cost 
100 $ 106+ 62P 
300 312 + 182P 
500 518 + 302P 


Hours operated 
per season 


Total season cost, thousand dollars 








P: Plant capacity, 100 crates per hour 


Figure 1). Total Season Cost of Direct Clerical Opera- 
tions in Relation to Plant Capacity in Crates 
Per Hour and Length of Operating Season. 
Packing California Plums, 1955. 
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Method C: Standard lidding. An operator pushes a packed crate into a 

————_ Standard nailing machine, inserts a lid, and depresses a foot 
pedal to operate the nailing head. All nails are driven in 
one machine cycle. Most machines automatically eject the 
lidded crate. 


Method D: High-speed lidding. The operator feeds a lid into a semi- 
———— @utomatic nailing machine, while an accumulator conveyor 
feeds in the packed crate. All nails are driven in a single 
machine cycle and the crate is ejected automatically. 


Method Ez: Carton closing. Details as to container closure vary with 
the particular carton design. The one method considered 
here involves pushing a self-locking lid down over the top 
of a carton provided with 2-inch flaps that are folded out 
and down at the top of the carton so as to interlock with 
the top. 

Labor and equipment production standards for the operations involved with 
the above methods are presented in Table 16, which also gives for each method the 
estimated crew requirements and crew and equipment costs with several levels of 
output rate. These data are used to compute variable cost per hour for labor and 
other services and to estimate an annual fixed charge for equipment at each out- 
put rate considered. Equations derived from these results which relate variable 
cost per hour and annual fixed charge to rate of packed output are also given in 
the table. These equations are the basis of estimated total cost in relation to 
output rate given in Figure 15 for seasons of 100, 300, and 500 hours' operation, 
where these graphic results are also summarized in the form of equations relating 
total cost to rate of output and method used for seasons of specified length. 

Comparisons of cost with different methods of lidding the standard crate, as 
given in Figure 15, indicate that with short season operation, method A--hand 





lidding--is lowest in cost over a considerable range in plant size. With a 
season of 300 hours, however, method A is lowest in cost below plant capacities 
of 120 crates per hour, method C--standard lidding--from 120 to 20 crates per 
hour, and method D--high-speed lidding--for plant capacities above 420 crates per 
hour. With a 500-hour season, method A is lowest in cost with plant capacities 
below about 80 crates per hour, method C from 80 to 260 crates per hour, and 


method D for capacities greater than 260 crates per hour. 





Carlo3ding 


Loading crates and cartons involves stacking the containers in rail cars or 


motor trucks and preparing the load for shipment. Since most of the standard 
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TABLE 16 


Packed Container-Closing Crew and Equipment Requirements and Costs 
in Relation to Methods Used and Capacity Rate of Plant Output. 
Packing California Plums, 1955 


Equipment 
Plant repair and replac 


capacit; cost= 
do 


Sues ao, Opt 


rFOUW ONAUFWNH 
rFOWO DAN AWNFWNH 
Vy & ww ee Oo 
VBSSRSSEESES 


PR 
be 


Method B--stitcher lidding, crates 


ahh 
488 
732 
976 


Method C--standard lidding, crates 


Method D--high-speed lidding, crates 


1 1.30 23 1.53 4,000 528 
2 2.60 46 3.06 8,000 1,056 


Method E--carton closing 
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fixed cost 


and variable cost 
per hour! 





Annual fixed 
cost = 7 + 15P 


Variable cost per 


hour = 


-50 + 1.11P 


Annual fixed 
cost = 122 + T4P 


Variable cost per 


hour =. 


Annual f. ag 


cost = 2 


71 + .43P 


+ 7OP 


Variable cost per 


hour = , 


11 + .20P 


Annual fixed 


cost = 0 


Variable 
hour = 





cost per 


53+ .51V 





a/ Container closing standards (containers per hour): Method A--95; Method B--330; Method C--460; Method D--750; and 


Method E--205. 


b/ Based on a wage rate of $1.05 per hour for Method A and E and $1.30 per hour for the other methods. This includes 
an allowance of approximately 5 per cent for employer's contributions to Social Security and Workmen's Compensation 


Insurance. 


c/ Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours of use and power at $0.03 


per hour per motor horsepower. 


a/ Equipment replacement costs: Hand press lidder--$120; stitcher lidder--$1,850; standard lidder--$2, 350; 


speed lidder--$4,000. One equipment unit is required per operator. 


e/ Estimated at 11.5 per cent of replacement cost for Method A and 13.2 per cent for the other methods. 


Table C for the basis and details of this charge. 
t/ P = plant capacity in 100 crates per hour and V = plant capacity in 100 cartons per hour. 


g/ Dashes indicate no equipment used with this method. 


and high- 





See Appendix 
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£ 


Hours Season 
operated cost 


100 $53+ SIV 
300 159+ I53V 
500 265+ 255V 


Hours operated 
per season 


ow 


Total season cost, thousand dollars 
~ 





O 
0 2 4 6 8 10 12 
V: Plant capacity, 100 cartons per hour 
A. CARTONS 


500 Hours 
per 


100 Hours per season 300 Hours per season 
Season cost 
A $157 + 348P 
A $57+ 126P B 335+ 203P 


193+ 117P 
2274 99P C 371+ I16IP 


341+ 91P 





Season cost | 


bh 


ol 





257 +570P 
477 + 289P 
515+ 224P 


Total season cost, thousa>: Jo'!a°s 
ro 





O O 
OM Py 6-8 10 S12 O- 42246... 10-12 Oo-2 <4" (6 Sa tORtZ 
P: Plant capacity, 100 crates per hour 


B. CRATES 





Figure 15. Total Season Cost Of Closing Packed Containers In Relation To Capacity Plant Output Rate And Length Of 
Operating Season. 
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erates are shipped by rail, costs are presented only with respect to cntibedtnge® 
With either type of container, the carloading job includes preliminary work such 
as moving the car to the loading dock, placing the carloading ramp, and stacking 
the containers. In loading crates, the work also includes placing light frame 
gates between successive rows of containers to hold the crates in place and main- 
tain ventilation channels as well as bracing the center of the load to prevent 
shifting en route. The loading method considered for cartons presumes the use 
of a solid load with minimum requirements as to bracing.2 
Estimating data of the type applied in preceding sections are presented in 
Table 17 for the carloading operations. The equations for estimating variable 
costs per hour, including materials costs, and annual fixed charge for equipment 
are used to develop season cost relationships given in Figure 16. The chart 
shows loading costs with cartons to be substantially lower than with crates. 
This is due in part to lower labor requirements with the cartons, but the major 
saving consists of reduced costs of bracing materials. 


Miscellaneous Equipment, Power Wiring, and Field Lugs 





Miscellaneous items such as office equipment, platform scales, miscellaneous 
tools and fixtures, and power wiring for equipment are represented in this cost 
component. Estimated investment costs for such items in relation to selected 
plant sizes are given in Table 18 and are used to develop the relation of invest- 
ment cost and annual fixed charge to plant output rate shown (graphical ly and in 
equation form) in Figure 17. 


1/ Truck-loading costs for a given size load ordinarily will be less than 
carloading. This is because gate bracing and other spacing materials used in 
carloading are not required in truck loads. Also, loading labor requirements 
due to the omission of bracing are less with trucks than cars. 


af Methods other than gates to maintain crate-spacing--for example, lath 
strips nailed horizontally along each row of crates--were observed. The gate 
system, however, was the most widely used and is the only procedure considered 
here. 





3/ The solid load requires either that the fruit be precooled or that the 
self-locking type of carton cover be used, which preserves spacing between 
adjacent cartons essential to fruit cooling. Several different load types other 
than the one described above have been studied experimentally. See Pilz, et. al., 
op. cit-, pp- 28-31. 
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TABLE 17 
Crew and Equipment Requirements and Costs of Loading Containers of Packed 


Fruit in Rail Cars Related to Capacity Rate of Loading. 
Packing California Plums, 1955 


Variable costs per hour ixed costs 


Number quipment Average annual fixed 
Plant of car- momen), i replacement annual and variable 
capacity |loaders?/ | Laborb/| repairs i Total ooates fixed cost!/ per hour8/ 


containers 
per hour dollars 
Crate 


Annual fixed 
cost = 115 + 


2P 


Variable cost per 


hour = .63 + 


Annual fixed 
cost = 115 + 


3.30P 


lv 


Variable cost per 


hour = .63 + 


a/ Labor standards are 205 crates per hour or 380 cartons per hour. 


e4lv 





b/ Based on a wage rate of $1.15 per hour which includes an allowance of approximately 5 per cent of worker's pay for 


employer's contributions to Social Security and Workmen's Comvensation Insurance. 


Gy, Equipment variable repair estimated at 0.5 per cent of replacement cost per 100 hours of use. 


a/ Gate and bracing material for the crate is estimated from accounting record data. For the carton no gates are 


required. The cost of car bracing with the carton is estimated on the basis of 20 lineal feet of 2" x 4" brac 
material per car of 1,100 cartons. Bracing material price--$86 per 1,000 board feet. 


e/ Equipment includes 1 car squeeze--$8)0; plus 1 loading ramp for every 2 carloaders--i60 each. 


£/ Estimated at 13.2 per cent of replacement cost. See Appendix Table C for the basis and the details of this charge. 


e/ P = plant capacity in 100 crates per hour, and V = plant capacity in 100 cartons per hour. 


Season cost equations 
Crates: 


100 hours $178+ 332P 
300 hours 304+ 991 P 
500 hours 430 +1650 P 


oa 

s Cartons: 

3S 100 hours $ 178+ 42V 
iS 300 hours 304+ 123 V 
et ABs 500 hours 430+ 204V 
% Hours operated 

o per season 

c 

3 

co 

& 

2 

Rc 


ing 








Por V: Carloading rate, 100 containers per hour 


Figure 16. Total Season Cost of Carloading in Relation to Rate of Loading, Length of Oper- 
ating Season, and Type of Container. Packing California Plums, 1955. 
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TABLE 18 


Replacement Cost of Miscellaneous Tools, Equipment, and Power Wiring. 
Packing California Plums, 1955 


Field lugs run 


Miscellaneous tools and equipment 


Label stands 

Clocks 

Fire extinguisher 

Power saw 

Platform scale (1,000-2,500 
pounds )® 


Field lugs 
Tools, miscellaneous 


Power wiring 

Office equipment 
Furniture and miscellaneous 
Business machines 
Vault 


Total 12,817 | 24,592 





a/ Unit costs of major items are: Power saw--$400, and field lugs--$0.80. 


b/ One platform scale per plant. 


50 


Replacement cost = 


$1700 + 4417L 
40 Bs 


a 
° 


id 
°o 


Cost, thousand dollars 


Annual fixed cost = $ 224 + 735L 





fe) 2 4 6 8 10 12 
L: Plant capacity, 100 field lugs per hour 


Figure 17. Replacement and Annual Fixed Cost of Miscella- 
neous Equipment, Power Wiring, and Field Lugs 
in Relation to Plant Capacity. Packing Cali- 
fornia Plums, 1955. 
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Direct Supervision and Miscellaneous Labor 


In addition to direct labor accounted for in the preceding analyses of 
particular plant stages, there are several general categories of labor cost not 
chargeable to particular operations. These include: (1) direct supervision such 
as general and assistant foremen and foreladies; (2) night watchmen; (3) seasonal 
office clerks; and () miscellaneous and utility workers, such as those who 
supply pads and baskets to the packers and perform other miscellaneous jobs as 
required. 

As in the preceding sections, labor costs are estimated in terms of a 
representative wage rate and the number of workers required in each labor cate- 
gory in plants of given size. Generally, the wage rates used are independent of 
plant size. Wages of plant foremen, however, tend to increase with size of plant, 
and this effect is reflected in the wage schedule for this category. For con- 
venience, reimbursement of workers paid on a weekly or monthly basis was con- 
verted to an hourly rate, assuming an eight-hour day and six-day work week. 

Labor requirements are estimated seperately for place-packing and bulk-filling 
operations, since less supervisory labor is required in the bulk-filling opera- 
tion. Numbers of workers. wage data, and hourly plant costs for workers in this 
category are shown in relation to method of packaging and plant size in Table 19. 
These results are shown graphically in Figure 18. 


Building Costs 


Another category of general costs to be considered is that related to 





investment in the building. This cost varies with size of plant and type of 
construction used. The type of construction used in the analysis is typical of 
that found in plum packing plants in which hand=-truck equipment is used for 
in-plant transportation.+ This consists of a wood-frame structure with a wood 
floor constructed at truck-bed height. Exterior walls are surfaced with a single 
layer of wood sheathing--except office spaces, which have an interior finish. 


er a ee ie ee ae ee ee ST Cel Oe er ~-——s-e woeeneeere = - = = -—o_— = = 


1/ Investment costs only for hand-truck plants are considered here in view of 
earlier determination in analysis of costs of in-plant transportation that hand- 
truck equipment would prove more economical than fork trucks over the range of 
plant capacities and length of operating season encountered in California plum 
packing plants. If fork truck equipment were considered, a different type of 
construction ordinarily would be required, and somewhat different cost relation- 
ships would be encountered. See Sammet and I. F. Davis, Building and sauipnee 
Costs, Apple and Pear Packing (Berkeley: University of California, College of 
Agriculture, Agricultural Experiment Station, December, 1952), 38p. (Giannini 
Foundation Mimeographed Report No. 141.) 
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TABLE 19 
Direct Supervision and Miscellaneous Labor Requirements and Costs 


Related to Plant Capacity in Crates Per Hour. 
Packing California Plums, 1955 


Season 
Assistant mapa: Losding | Miscel- office 
forelad tor® foreman Night man clerka®/ | cost 
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Equation of 


Meson ee 


per hi 


Variable cost per 
hour = 40 + 2,04P 


Variable cost per 
hour = ,80 + 1.60P 


a/ Wage rates for jobs paid on a daily, weekly, or monthly basis were converted to an hourly rate on the basis of an eight- 
hour day, six-day week, All wage rates include an allowance of approximately 5 per cent of worker's pay for employer's 


contributions to Social Security and Workmen's Compensation Insurance. 


b/ For brevity, crew requirements and costs are given at plant capacity intervals of 200 crates per hour, although estimates 


also were made at intervals of 100 crates per hour for use in deriving the variable cost equations. 
c/ Dollers per hour. 
a/ Machine attendance is performed by one of the inspectors as needed. 
e/ Does not include permanent bookkeepers and accountants. 
f/ P = plant capacity in 100 crates per hour. 


g/ Dashes indicate the job is not required for this method of packaging or plant capacity. 


18 Cost per hour: 
Place -Pack=$0.40+2.04P te 


16 Bulk fill <$0.80+1.60P 


12 






@ 


Cost per hour, dollars 
3 


o 


0 2 4 6 8 10 12 
P: Plant capacity, 100 crates per hour 


Figure 18, Direct Supervision and Miscellaneous Labor 
Costs in Relation to Method of Packaging and 
Plant Capacity in Crates Per Hour. Packing 
California Plums, 1955. - 
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66. 


The clear height from the floor to the underside of the roof trusses is 12 feet. 
Roof spans are relatively short--30 to O feet. All spaces are roofed except the 
area for storage of empty lugs, which consists of an open platform. 

To estimate investment costs for buildings such as the above, floor space 
requirements in plants of selected capacity rate were determined on the basis of 
space required for equipment, traffic aisles, and storage in well-organized 
plants. Replacement costs per square foot of building areas were then applied to 
the estimated space requirements to obtain an estimate of building cost in rela- 
tion to plant capacity. The unit building cost data were obtained from previously 
published information based on engineering estimates of the construction cost of 
buildings of specified size and type The earlier estimates were adjusted to 
the 1955 price level by means of a construction cost index. Results of these 





computations with respect to plants of selected capacity output rate are given 
in Table 20. Both Table 20 and Figure 19 express investment costs in terms of an 
estimated annual charge in relation to plant capacity rate. 


Administrative Costs and General Operating Expense 


Administrative costs are defined as consisting of the salaries of plant 
managers, field men, and permanent office employees such as bookkeepers and 
accountants. General operating expense includes legal and accounting expenses 
not covered in the administrative expense category, travel expense, liability, 





inventory or other insurance costs not included in particular stages, and other 
similar general costs. Data for estimating these costs were obtained from 
accounting records of pear, apple, grape and plum packing houses, in which there 


is a high degree of similarity in plant operation and office procedure. Data 
from individual plants were related to plant output rate which, for the purposes 
of this report is expressed as field lugs run per hour. The average relationship 
of administrative cost and general operating expense to field lugs run per hour 
is shown graphically and in equation form in Figure 200% 


1/ Ibid., p. 15. The investment costs used include outlays for paving and a 
railroad siding. 


2/ Considerable variability was observed among plants in the level of cost in 
these categories. This was partly attributable to variation in accounting classi- 
fication and to differences in administrative and general expense activities in 
different firms, as well as to differences in plant capacity. It also is likely 
that such expenses are jointly related to length of season and plant capacity, 
but introduction of operating time per season did not improve the correlation and 
so the simpler form relating costs in these catefories to rate of plant output 
was used. The above hbase were derived from material in Sammet, “Bootomse and 
Engineering Factors . . .," pe 3h. | 
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TABLE 20 


Building Space Requirements and Investment Costs (Excluding the Packaging Area) in Relatio 
to Capacity Output Rate in Plant of Hand-Truck Type Construction. 
Packing California Plums, 1955 











ding costs, excluding 





Roofed area pecuieementel! 













Average 
Belt Other cost per 
packing plant sq Replace- fixed Equation of 
area | area Total foot? ment costc/ annual fixed cont, 


square feet 
15,63 
22,596 
30, 261 


Annual fixed 


37,095 
cost = 1,220 + 388P 


LL, 880 
52,221 





59,138 
67, 38h/ 





| 
a/ Building area required was determined from studies in the plants. The packaging area is esti- 
mated by the equation: Area in square feet = 500 + 550P, where P = 100 crates per hour plant 
capacity. The other plant area was estimated by the equation: Area in square feet = 2,900 + 
2,171P. 


b/ The average cost per square foot of building area is based on the equation: Building replacement 
cost = $8,503 + $1.68A, where A = the roofed area in square feet. The average costs per square 
foot are based on a belt packing plant but would differ only slightly with other types of packag- 
ing. Based on building replacement cost information in Sammet, L. L., and I. F. Davis, Building 
and Equipment Costs, Apple and Pear Packing (Berkeley: University of California, College of 
iaiotare Agricultural riment Station, December, 1952), p. 15. (Giannini Foundation 
Mimeographed Report No. 11.) Processed. (The fifth report in a series on Efficiency in Fruit 
Marketing.) Adjusted to the 1955 price level. 


c/ Based on an annual charge of 10.5 per cent of replacement cost. See Appendix Table C for the 
details and basis of this charge. 


d/ P = plant capacity in 100 crates per hour. 


Annual fixed cost, thousand dollars 








ie) 2 4 6 8 10 12 14 
P: Plant capacity, 100 crates per hour 


Figure 19. Building Annual Fixed Costs--Excluding the Packaging 
Area--in Relation to Plant Capacity in Crates Per Hour. 
Packing California Fresh Plums, 1955. 
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Total season cost, thousand dollars 


Figure 20. 
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Administrative 


expense oS 


Re General operating 


expense 


Administrative expense = $470 + 1,024 L 
General operating expense = $1,556 + 754L 





4 6 8 10 l2 
L: Plant capacity, 100 field lugs per-hour 


Administrative and General Operating Expenses 
Per Season in Relation to Plant Capacity in 
Field Lugs Per Hour. Packing Fresh Califor- 
nia Plums, 1955. 
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69. 


TOTAL PLANT COST 





The preceding analyses concerning the various categories of operating stages 
and general costs provide the material for estimating total plant costs. This in- 
volves selection of the low-cost technique in each stage and the aggregation of 
their costs into totals for the entire plant operation. When the stages and cost 
components are defined so as to be independent in terms of costs--as in this 
study--this requires only a simple summation of cost relationships developed in 
each stage analysis. Since relative costs with different methods have been shown 
to depend on both rate of output and length of operating season, these factors 
must be considered in the selection of low-cost technique. The details and results 


of this procedure are given below. 


Simplifications and Specifications 


To simplify and make explicit the development of total plant vost relation- 
ships, certain conditions are assumed.e While in some respects these represent de- 
partures from operating conditions actually encountered-=particularly in given 
plants--they are-not sufficiently drastic to prevent the development of realistic 
cost comparisons, The conditions specified are as follows: 

1. Initially total plant costs are estimated exclusive of container 
materials costs. Data concerning the effect of materials costs 
with different types of container are presented later. 

2, The analysis assumes operation in a given plant to be at constant 








output rate for an entire seasone 

3. The development of total plant cost relationships involves selection 
of the Least-cost. method in all but the packaging stage. With ree# 
gard to packaging, complete analyses of plant cost are made for each 
of three different methods so as to demonstrate the effect of packag~ 
ing method on plant costs. 

he .Shipment of all packed fruit to out-of-state markets in railroad | 

cars is assumed. Costs of packing for local shipment or for move~ 

ment in highway trucks are not considered. 

5. Plant costs in packing fruit in fiberboard cartons are developed 
in relation to volume of output expressed in crate equivalents. 

6. Since the price of land occupied by the packing house varies widely 
with location, it has been omitted from the analysis, The range in 
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70. 
site costs likely to be encountered would not, however, have an 


important effect on the selection of low-cost method in individual 
plant stages or on total plant coste 


Combining Stage and Component Costs 





To facilitate. selection of the least-cost method and the related cost equae 
tion in each stage, all the cost equations developed in stage and cost component 
analyses are assembled in Table 21. For convenience in the process of combining 
the cost. equations, these have been converted to a crate-equivalent basis L/ The 
data given in Table 21 relate to 20 per cent culls; similar data in regard to 
culling rates of 10 and 0 per cent are given in Appendix Table E, 

The selection procedure as applied to a given plant stage may be tsiuatrated 
by reference to Figure 15, page 60, which shows graphically total season costs 
with four different methods of lidding the standard crate. The charts indicate 
that with 100 hours'operation per season method A is lowest in cost in the output 
range up. to about 700 crates per hour and that in the range of 700 to 1,),00 crates 
per hour, method C is lowest in cost. With 300 hours! operation, the low-cost 
methods prove to be method A in the output range up to about 120 crates per hour, 
method C in the range from 120 to about .00 crates per hour, and method D for out- 
_ put rates exceeding 00 crates per houre Similar results-—but with differences in 
the applicable rate range with each method--are indicated in the chart relating to 
500 hours! operation per season and can be developed for still other lengths of 
operating seasons 

By means similar to the above the low-cost method in each stage can be de~ 
termined with respect to plant output rate and hours of operation per seasone The 
results of such comparisons of cost equations pertaining to a culling rate of 20 
per cent are summarized in Table 22, which indicates with respect to seasons of 
100, 300, and 500 hours! operation the methods selected in each stage and the range 
in output rate over which the selected method is applicablee 

Using the results in Table 22 as a guide, equations of total season cost for 
each stage selected from Table 21 may be associated with the output range , 


27 Equations originally developed with field lugs as the volume variable are 
adjusted by multiplying the cost coefficient of that variable by 0.972. Equations 
developed with cartons as the volume variable are adjusted to a crate equivale 
basis: by multiplying the cost coefficient of that variable by 1.12. ’ 
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TABLE 21 
Equations Relating Annual Fixed Cost, Variable Cost Per Hour, and Total Season Cost to Crate Equivalent 


- Output Rate for All Methods of Operation in Each Plant Stage and Wik Component, 20 Per Cent Culls. 
Packing California Plums, 19552 


Type of 
con- Variable 
Stage or cost component tainers Annual fixed cost per Total season cost 
and methods packed cost hour [100 hours {300 hours J 500 hours _| 


Plant transportation 
Hand truck 
A--Hand truck, all jobs 





MVM oouwo 
tee tee 


B--Conveyor for packed fruit 
C--Mechanical cull handling 


RPRrEMNNY 


D--Conveyors for packed fruit and culls 


Fork truck 
A--Fork truck, all jobs 


ve 
Vat 
oouw 
+e errr 


B--Conveyor for packed fruit 
C--Mechanical cull handling 


. 


. 


PRR EE 


. 


D--Conveyors for packed fruit and culls 
Grading 


Dumping 
A--Hand dumping 
B--Hand dumping with conveyor aids 
C--Single-lug machine dumper 
D--Stack dumper 


Packaging 
A--Place packing, belt equipment 
B-+Place packing belt equipment 
C--Place packing, bin equipment 
D--Place packing, bin equipment 
E--Bulk fill with rope sizing and bins 
F--Bulk fill with drop roll sizing and bins 
G--Automatic filling 


Container making 
A--Manual nailing 
B--Stitcher-type nailing machine 
C--Standard nailing machine 
D--End-feed nailing machine 
E--Stapling carton 
F--Form full telescope carton manually 


Container supply 
A--Hand truck supply 


B--Monorail conveyor 
C--Mezzanine supply 


D--Basement supply 
E--Supply for bulk filling packages 


Container closing 
A--Hand lidding 
B--Stitcher lidding 
C--Standard lidding 
D--High-speed lidding 
E--Hand closing 


Direct clerical 


Carloading 


Miscellaneous equipment 


Supervision 
A--Place-pack 
B--Bulk-fill 





Building costs & 1,220 + 





Administrative and general c} a/ | 2,026 + 1,728P 





a/ Only stages in which the cost equations were related to field lugs per hour, L, in the analysis are affected by the culling rate. 
~ his includes the following stages: Plant transportation, grading, dumping, miscellaneous equipment, and administrative and general. 


costs related to P--100 crates per hour--in this table by multiplying the cost coefficient of L by .9722 and the cost coefficient of 


»b/ Costs related to L--100 field lugs per hour--and costs related to v--100 cartons per hour--in the stage analyses were coeffi to 
V by 1.12. | 


c/ No difference with respect to type of packed fruit container. 


a/ Not applicable with this method or stage. 








TABIE 22 


Least-Cost Stage Technique and Applicable Range in Output Rate in Seasons 
of 100, 300, and 500 Hours Operation, With 20 Per Cent Culls. 
Packing California Plums, 1955 


Applicable output rate range F 
Stage and least- in relation to hours per season 
cost technique 100 hours 


crate equivalents per hour 


Plant transportation 
Crate 
A--Hand truck All rates 0 to 130 
B--Hand truck 130 to 720 
C--Hand truck 
D--Hand truck Over 720 


Carton 
A--Hand truck 0 to 760 0 to 60 
B--Hand truck Over 760 60 to 720 
C--Hand truck 
D--Hand truck Over 720 All rates 


Dumping 
A 


All rates All rates All rates 


Place-pack 
Crate 
Over 750 Over 50 All rates 
0 to 750 0 to 50 


All rates All rates All rates 


All rates All rates 


Container making 
Crate | 
0 to 260 


260 to 570 
Over 570 


Over 140 
0 to 140 


Container supply 
Crate 


Over 9.8 
0 to 9.8 


0 to 535 0 to 70 
Over 625 
Over 535 100 to 1,090 70 to 625 


Container closing 
Crate 
0 to 630 0 to 120 0 to 80 





Over 630 120 to 420 80 to 260 
Over 420 Over 260 





a/ Method E gives lowest cost with rates of output from 0 to 530 and 750 to 1,200 
crate equivalents per hour. Method G gives lowest cost from 530 to 750 and over 
1,200 crate equivalents per hour. 
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which they represent the least-cost method. For illustration, the results of such 
selection for plants operating 300 hours per Season are given in Table 23, in re- 
gard to three different packaging methods--place-packing in crates and cartons and 
bulk-fill in either wooden crates or cartonse The table shows that in place- 
packing the standard crate, the total-cost equation for hand truck transportation 
method A is applicable for plants in the capacity range up to 130 crates per hour, 
while method B applies in the range of 130 to 720 crates per hour, and method D in 
the rate range exceeding 720 crates per houre Similar developments can be traced 
in regard to other plant stages and other methods of packaginge 
An equation for total plant cost ina 300-hour operating season can be ob-= 
tained simply by summing within specified ranges in output rate the stage cost 
equations shown in Table 63,2 Thus the table indicates that in place-packing 





the standard crate in a 300-hour season total plant cost in relation to output 
rate is $6,772 + $11,065(P) in the output range up to 130 crates per hour, while 
in the output range of 130 to 260 crates per hour the equation is $7,090 + 
$10,796(P) and so on for still higher rates of output. Similar results are given 
in regard to place-packing the carton and the use of bulk-fill methods with either 
type of container, These are shown graphically in Figure 21 for the three methods 
of packaging considerede 
The cost lines shown in Figure 21 with a given packaging method reflect the 
tendency indicated in Table 23 toward a slightly decreasing slope=-and an in- 





creasing fixed-cost component--as plant capacity increases. For the circumstances 
represented in Figure 21, however, this effect is quite small and a good approxi- 
mation to the relation between total season cost and plant capacity will be given 
by a straight line representing "average" relationships for the various cost- 
ra 
lished by accepting the cost equation applying to an output rate of 500 crates 
per hour as appropriate for the entire range in plant output rates considered. 


curve segments. A simple approximation to this average relationship was e 


Similar relationships were found in the development of total plant costs for 
other lengths of season and culling rates and equations of total plant cost based 


on them are summarized in Table 2h. 





V/ The stage and total cost equations are of the form, Total season cost = 
a+ b(P), in which "P" represents plant output rate in 100 crate equivalents per 
hour. 

2/ This simplification results in slight overestimation of costs with low and 


high plant capacities. Computational determination of the amounts will, however, 
demonstrate the degree of overestimation to be quite smalle 
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TABLE 23 


Applicable Range in Output Rate for Equations Relating Total Season Cost to Plant Capacity 
in a 300-Hour Season, With 20 Per Gent Culls and Three Different Packaging Methods. 
Packing California Plums, 1955 





Packing method se- Total season cost equations and applicable ranges in output rate®/ 
and stage lected | P= 0 tol. P=1.2to 2.6 [P= 2.6 to4.2 [P=4.2 to5.7 [P= 5.7 to (.2 | P = over 


dollars 


PLACE-PACK CRATE 
Plant transportation 
TTO + 301P 


162 + 89P 
690 + 538P 
660 + 4,225p 


Dumping 

Grading 

Packaging 
Container making» 


_, Container supply 
228 + 
Direct clerical 312+ 
Container closing 


371 + 


304 + 
22h + 


Carloading 
Miscellaneous equipment 
Supervision 120 + 
Building costs 1,220 +  388P }1,220 + 388P | 1,220 + 388P 398P 1,220 + 
‘BP ‘6P BP 
iP 


Administrative; general 2,026 + 1 2,026 + 1,728P|2,026+ 1 2,026 + 1 2 12,026+ 1 
TOTAL SES LOE 7,090 ¥ 10,798) P | 7,324 SSE ve 
| P=0Oto .6 | P= .6to1.0 [P=1.0 to 7.2 [P= 7.2 to 10.9 


gielvisls SPO ric AWOA> dig PU w> 


PLACE-PACK CARTON 
Plant transportation 


Dumping 

Grading 
Packaging 
Container making 
Container supply 


Direct clerical 
Container closing 
Carloading 
Miscellaneous equipment 
Supervision 

Building costs > x 388P 388P 388P 388P | 1,220 + 


388P 
Administrative; general 2,026 + 1,728P 
TOTAL 314 + alee 


LTO TetS Mle 2 > vig = var 


cd 


BULK-FILL CONTAINER 
Plant transportation 


Dumping 

Grading 

Packaging 

Container making 

Container supply 

Direct clerical 

Container closing 

Carloading 

Miscellaneous equipment 

Supervision } 

Building costs 

fa general 
TOTALS: 


= 


gig big ai aio > oO > 


~~ 








a/ P = 100 standard crate equivalents per hour. Costs related to field lugs--represented by L in the stage cost equations--or cartons 
per hour--represented by V--have been converted to a basis of 100 crate equivalents per hour by multiplying the coefficient of L by 
0.972 and the coefficient of V by 1.12. The output rate ranges were converted from a basis of L to P and from V to P by multiply- 
ing by 1.029 and .893, respectively, for 20 per cent culls. To avoid very small output rate ranges, those in this table may not 
exactly coincide, for all stages, with those in Table 22. 


b/ No variation in method. 


¢/ Excludes the cost of container materials. 








TABLE 2h 


The Effect of Per Cent of Culls, Length of Operating Season, 
and Method of Packaging on "Average" Equations Relating 
Total Season Cost to Rate of Plant Oytput. 
Packing California Plums, 1955% 


Place packing 
Per cent culls and andard crate est carton 


boure per pessoa 0 a OF ee : 


dollars 


10 Per cent culls 
ours 5,600P 5,169 + h,897P 
300 hours 10,187P 7,105 + 8,70)P 5,455P 
500 hours 14,74)8P 8,754 + 12,5h6P 7,255P 


20 Per cent culls 
ours 5,98P 5,16 + 5,287P 4,075P 
300 hours 10,678P 7,015 + 9,196P 5, 946P 
500 hours 15,261P 8,769 + 13,059P 7, 768P 


O Per cent culls 
ours 7,113P 5,16) + 6,10P 5,198P 
300 hours 12,012P 7,215 + 10,529P 7,280P 
500 hours 16,816P 8,829 + 14,614P 9,323P 


a/ Coefficients of equations of the form: Total season cost = a + bP, where P 
represents capacity-plant output rate in 100 packed-crate equivalents per hour 
and the "average" equation is that for the cost-curve segment occurring at an 
output rate of 500 crates per hour, 


120 


100 


@ 
°o 


D 
° 


Total season cost, thousand dollars 
a 
° 


20 





0 = 4 6 8 10 12 
Plant capacity output rate, |0O crate equivalents per hour 


Figure 21. Total Season Cost in Relation to Capacity Out- 
put Rate and Method of Packaging When Given in 
Terms of Segments of Least-Cost Curves Appli- 
cable to Specified Output Ranges in a Season 
of 300 Hours Operation. California, 1955. 
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Effect of Plant Ovtput Rate, Per Cent of Cullis, and Length of 
Season on Total and Average Unit Cost 





The equations in Table 2 provide a basis for indicating the extent to which 
changes in some plant operating conditions affect packing costs. These effects 
are not easily demonstrated if simultaneous variation in several important 
factors affecting costs are considered, but good indications of their nature are 
given if some factors are fixed at certain levels and others are allowed to varye 





Some such effects are demonstrated in Figure 22, which shows total season and 
average costs in packing the standard crate (excluding the cost of container ma~ 
terials) in plants ranging in capacity output rate up to 1,200 crates per hour 
and operating in seasons of 100, 300, or 500 hours. These cost relationships are 
demonstrated in regard to culling rates of 10, 20, and 0 per cente 

The panel at the left in Figure 22 shows the increase in total season cost 
as plants of larger capacity are considered with given length of season and per 
cent of culls. Or, given a particular plant size, the difference in total plant 
costs is indicated as season lengths of 100, 300, or 500 hours are considered. 
With length of season given the curves show the differences in total average cost 
as the level of culling is fixed at 10, 20, or hO per cent. These relationships 
are shown in terms of average unit cost in the right-hand panel of Figure 226 
For example, unit costs with any of the operating conditions illustrated are shown 
to decrease as plants of larger size are considered. This reflects more effective 
use of individual labor and equipment units and--to a small degree--the use of 
more efficient methods as plant scale is increased. The rate of decline in unit 





cost is very rapid in the range of low output rates, but is relatively small in 
the range of high output rates. Thus with 300 hours operation per season and 20 
per cent culls, unit costs with a plant capacity of 100 crates per hour are 60e)) 
cents per crate as compared with 1.8 cents per crate in plants of 00 crates per 
hour capacity--a decrease of 18.6 cents per crate. By contrast, unit costs in 
plants of 700 as compared with 1,000 crates per hour capacity are 39-1 cents and 
38.1 cents per crate respectively--a decrease of only 1.0 cents per crates 
Figure 22 also shows a marked decline in average unit cost as hours pe 
season in a plant of given capacity are increased. This reflects the effect of 
spreading the fixed costs of buildings and equipment and of administrative and 
overhead expense over a larger total volume as hours of plant operation at a 
given capacity rate are increased. With 20 per cent culls and a plant capacity 
of 500 crates per hour, for example, estimated unit costs with 100 hours' operation 


to datis. pre 2 L tao Toate oF pos ait: eee sear. to dosed 


oe 


= 5 GEA Sas yevA one: fsfoT iio aoRese 


we 


dnote eds oritsotonh 1T elmad 2 ebtvew 1 ds? wt aooftsone edt 


“eersy oF bevol 


- eg ecpidenotislLo+ 


"me 


pa, > i, rs: br + + skgbih ie re aes af 
eq Costes esoitioaos anitsyéco taalo ence rck BAGKEIIO 


ni noigsiiey agosnsdiimie tt be¢esténoseh vitese 
air eee sts sda mititooris 
fevel obese te boxi? sth csodsct amie te 
soinde .SS sucefil ab betaydnnonsb sxe) etostte io 
orete oft sctiniege tt 
whioeqes ak gaigusy edn ely mk 


gaon age iit ODL ta 008 .OOL to enmossse mi naiteysgo brs 


ettiss, tag Ou ! OS. OL To ic suitioo o¢ brent ck had etdanoneb 


Pris 
eborebferc 


3509: opete 


eile Te ollide Se, ts Bs 
AC LAAN LY 


foviteles ai dud .eedst Juadio wol- to 


re 


FISE ert ts Leney Oi 


certs tiktw Darehicnes sis ytosqao regrsf to 3% 
IST9tl ih oft yon cose ae la £ Tevig ~tO .¢lito to gage 
stvonl 00d se (B08 Oo SAG. gosses es hotsofbak ar steoo 
wode esvies oft covia noesae to thecsd -ddey 
OL Se bextt ef gnififue lo [evel edd a 
Jeo #int snstevs 16 eorisd me mots ete 
L$ibros. gaisetego aid To yon dtiw edeod’ stor -sldmexessod 
etebtetoo ets osfe tegisi to adnate 
Ofeebts edinas tremytime brs sodsl | 
SLES 


* 


“oe 


copcsreg suet O0C ti iw anil .astss cuqdue Aint to apne aris 


sis COOL Tto~yttosmas tosig @utiv ateco diay ,olivea Jaen we 


to adesiy if ateis sq eines 8,5! dtiw hewsqmos es odsto teq esas 


adaso ID, fF 
ect nS 


teq excor 


ere 
oo JTS.5 
4 


eStento seco ainso O.0L-to sasoy s=-vttossse igor 


MESegss ‘wot rey Bods'to O00.f ddiw Setsqmes es OOF. fo adasiq 


eo O.L vito To 66 “99h seeVlovitosgac 
es) ores Syetevs kt embfooh hover 8 sworls cals 
aidy sbebestort sis Uhissgaes nevig ‘to tnusia%s ats 
Soeriieos bre agekbil tnd to ageos bextl edt onthasms 
ewod es enmufoy fetot cogisf 2 asvo sanmecers beesdterc 
a bos efive inog toy OS dtiv  “bessetent ots aded ywitosqes MEER 


eden’ d crus pesabise eedapisxe 102, Wwolt-tsq aetsto 00d to 





Total season cost, thousand dollars 


200 100 
Total season cost Average unit cost 
180 90 
160 80 
Per cent culls 
140 70 


120 


fo2) 
(eo) 





100 


ioe) 
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Bey 
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Average unit cost, cents per crate 
a 
ro} 


30 


fo] 
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40 20 


Per cent 
culls 


20 





0 2 4 6 8 10 12 0 2 4 6 8 10 12 
—— —_— -———s« Plant capacity output rate, 100 crates per hour ——~ ~ 








Figure 22. The Effect Of Output Rate, Hours Operated Per Season, And Per Cent Of Cull Fruit On Total Season And Average Unit Cost Of Packing 
Plums In The Standard Crate (Cost Of Container Not Included). California, 1955. : 
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per season are 70,0 cents per crate as compared with 0.6 cents per crate with 
300 hours operation and 3.3 cents per crate with 500 hours! operation. The rate 
of decrease indicated in these comparisons--and evident in the chart--becomes 
less as hours per season increases 
In addition to the above, Figure 22 shows that with given levels of output 
rate and hours of operation per season, relatively small increases in unit costs 
occur as culls rise from 10 to 20 per cent; a further doubling of the level of 
culling to 0 per cent, however, brings substantial increases in unit cost. This 
reflects the increased costs of handling, dumping, and grading larger quantities 
of field-run fruit for a given packed output as per cent of culls increase. 


Effect of Operation at Less Than Plant Capacity 





To this point, plant cost estimation has been based on the assumption of 
efficiently organized plants operated at capacity output rate. Operation of a 
given plant at rates less than capacity through a season of given length would be 
expected, of course, to result in higher unit costs. This follows in part from 
the fact that fixed costs--unchanged through undercapacity plant utilization-- 
would be spread over a smaller total season output. In addition, variable costs 





for labor and other services--while subject to substantial reduction as output 
rate in a given plant is reduced below capacity--usually can only be reduced at 

a rate less than proportionate to the reduction in output rate. To illustrate 
this effect, calcvlations of variable cost were made for three plants with capa~ 
city rates of 100, 300, and 600 crates per hour. In the plants of 100 crates per 
hour capacity, for example, crew requirements and other variable inputs and their 
costs were estimated at a level consistent with operation at only 50 crates per 
hour. Similarly, costs in the plant of 300 crates per hour capacity were canputed 
at the reduced levels of 100 and 200 crates per hour, while in the plant of 600 
crates per hour capacity costs were estimated with reduced output rates of 100 and 
300 erates per hour, The results of these calculations in a season of 300 hours! 
operation are summarized in Table 25 and are shown graphically in Figure 23. The 
solid cost<lines in both panels of Figure 23 represent the estimated level of 
costs in efficiently organized plants of different size when operated at their 





capacity output rates. The dashed lines represent the level of costs in plants 
of particular capacities when operated at reduced levels of output. Unit costs 
are shown to be substantially higher in underutilized plants in comparison with 
costs in plants designed for capacity operation at a given rate of outpute This 
| 
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TABLE 25 


The Effect of Underutilization of Plant Capacity on Costs of Packing Fresh Plums in the Standard 
Crate in Plants of Three Different Sizes » 300-Hour Season, 20 Per Cent Culls. 


California, 1955 
Plant capacity, bi a Plant capacity, 
100 crates per hour 600 crates per hour 


Variable cost Variable cost 
















Plant capacity, 
OO crates per hour 
Variable cost 























Plant Plant Plant 
operating rate operating rate operating rate 
50 100 200 00 600 
Annual | crates} crates crates | crates crates 
Packing method Method | fixed per per Method | fixed per per Method | fixed per 
and stage used cost hour hour used hour hour used cost hour hour hour 

















dollars per season 























Plant transportation 


Dumping 





eli wo 





Grading 
Packaging 






Container making 






Se ee 
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difference is shown to increase as the difference between design capacity and 
realized output rates in a particular plant increaseSe 


Effect of Packaging Method on Costs 


In the above, costs in relation to plant output rate, hours of operation per 
season,and per cent of culls have been compared in regard to place-packing the 
standard plum crate. Similar relationships, but at a lower level, could be demon- 
strated with respect to place-packing the test carton or bulk-filling either type 
of container, Details of such additional comparisons are omitted. This leaves 
still to be considered a central problem in this study--the effect of packaging 
method on costs. Two aspects of this problem are potentially significant. These 
are the effect of packaging method on the costs of packing house operations and 
its effect on the costs of container materials and assembly. 


Effect of Packaging Method on Packing House Costs 

The effedt of method of packaging on total plant and average unit costs is 
demonstrated in Figure 2h. The cost relationships shown in this chart are based 
on equations of total season cost in relation to plant output rate given in 
Table 2 with respect to plants operating 300 hours per season with a culling 
rate of 20 per cent. As in the preceding demonstrations, the level of unit cost 
is shown to be substantially less in large as compared with small plants, Also-- 
when expressed on a crate-equivalent basis--costs in place-packing cartons are 








considerably less than in place-packing crates and they are still lower with the 
bulk-fill packaging method. In a plant of 500 crates per hour capacity, for ex- 
ample, total season cost (exclusive of container costs) is $61,000 with the 
standard crate, $53,000 with the carton, and $37,000 with bulk fill. The corre- 
sponding unit costs are 0.6, 35.3, and 24.7 cents per crate equivalent. Similar 
differences prevail at other output rates shown in Figure 2h and would also be 
found in comparisons based on different lengths of season and per cent of culls. 





The reduction in packing house operating costs in packing cartons as compared 
with crates is due primarily to lower costs of place-packing a crate equivalent in 
the carton and to lower costs--primarily with respect to car bracing materials-~in 
loading cartons as compared with crates. A still greater reduction in cost with 
cartons would be indicated if a container size equal in net-weight capacity to the 
crate were used. This would require the handling of smaller quantities of mate- 
rials and packed containers and hence would lower slightly the labor requirements 
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and costs of these operations with cartons as compared with crates. The relatively 
low level of costs with the bulk-fill method as compared with place-packing either 
the crate or carton is attributable to the greatly reduced labor requirement and 
cost of filling the container with bulk methods. 








Effect of Packaging Method on Container Costs 
To complete the foregoing cost comparisons, consideration must be given to 
the costs of the container materials. Table 26 givestypical materials costs for 
the standard crate as well as similar costs for two types of test carton when 
purchased in lots of 15,000 senteinkse s! The unit cost of materials per container 
is shown to be appreciably less with the carton than with the crate. ag 
per carton is converted to a crate-equivalent basis in terms of the weight of 
fruit packed, an appreciable cost advantage with the carton remainse Substantial 
reductions in the cost of container materials can be made, therefore, by place~ 


packing or bulk-filling plums in the cartone 


Effect of Packaging Method on Component Costs 


‘This section summarizes the results of the detailed cost comparisons given 
above. This is done in terms of costs with a plant capacity of 300 crates per 
hour and an operating season of 300 hours--the most common plant size and length 
of season in the plants studied. | 

From the plant costs developed in preceding sections, unit costs per crate 
equivalent are determined for place-packing the crate, place-packing the carton, 
and bulk-filling the carton. Unit costs for these three methods of packaging are 
shown in Figure 25. Four major cost components are given: (1) package materials; 
(2) labor; (3) annual charge for equipment and buildings; and (1) administrative 
and general expense. Package materials cost is an important item, amounting to 
4S.7 cents per crate and 39.2 cents per carton (figured on a crate equivalent 
basis), Container costs accounts for over one half of total packing cost. Labor 
is the second most important item of cost, amounting to 26.)} cents with the stand- 
ard crate, 22.5 cents with the place-packed carton, and 12.7 cents with the bulk-~ 
filled carton. Smaller differences are noted for the annual charge for equipment 
and buildings while the administrative and general expense component is the same 








V/ Shipments of the test carton were not in large volume, and the containers 
were of an experimental type. Somewhat different materials prices might have 
been experienced if the cartons had been of standard design, purchased in large 
volumes 
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TABLE 26 


Materials Cost of Different Types of Containers Used. 
Packaging California Plums, 1955 





Materials cost per © 
Type of package ' erate equivalent 





Standard weet’ 
Test ertont? | 
8B-29 (full telescope lid) .3750/ «),208/ | 


9B-2); (self-locking lid) 3 
\ i 








a/ Includes the cost of container insides--baskets, shims, collars, and 
liners--as well as the lid. 


b/ Average costs of materials obtained from plant accounting records. 
c/ Includes the cost of container, pad, and tray. 


a/ Estimated package materials costs for purchases in lots of 15,000 
containers, 1955. 


e/ Based on net weights of 28 pounds for the crate and 25 pounds for the 
carton. 
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The Effect of Type of Container and Method of Fill on 
Total Unit Cost of Packing Fresh Pluns in Plants of 
Capacity Rate of 300 Crate Equivalents Per Hour, 
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for each packaging method, Total unit packing costs per crate equivalent amounts 
to 89,6 cents for place-packing the crate, 77«6 cents for place«packing the carton, 
and 67.1 cents for bulk-filling the carton, 
The above cost comparisons indicate that substitution of the place=packed 
carton for the standard crate results in savings of 12,0 cents per crate equiva- 
lent. Approximately 6.5 cents of this saving is in container costs, while labor 
and other costs are reduced 5.5 cents per crate equivalent. By bulk-filling plums 
in the carton, the savings as compared with place-packing the standard crate are 
22.5 cents per crate equivalent. This includes reductions of 6.5 cents in con- 
tainer costs, 13.7 cents in labor costs, and 2.3 cents in other costse 





FRUIT QUALITY AND PRICES RECEIVED IN RELATION TO PACKAGING METHOD 





While this study has emphasized the effect of container type and packaging 
method on costs, other tests of trade acceptability mst be met. The most impor= 
tant of these are effect on sale price and quality of fruit on arrival at the 
terminal market. These aspects of the problem were not observed directly in the 
study, but some evidence is available from other work. 


Effect on Fruit Quality 





Comparisons as to quality of fruit shipped in cartons as compared with crates 
were obtained in five test shipments to the Chicago and New York Auction Markets 2/ 
Inspection certificates of the U. 5. Department of Agriculture relative to these 
shipments indicated that the average percentage of plums sustaining "slight 
bruising"-~-defined as a flattening of the surface by pressure not serious enough 
to affect grade--was 11.7 per cent in the experimental container and 7.8 per cent 
in the standard crate. Damage by "bruising" averaged 2.9 per cent in the experi- 
mental containers and 1.); per cent in the standard cratee Serious damage to the 
fruit averaged 1.0 per cent in the experimental containers and O.l; per cent in 
the standard crate. Decay averaged 0-6 per cent in the experimental container and 
Oeli: per cent in the crates 

In a second series of tests two modifications of the test carton design were 
made in an effort to reduce damage by bruising. These involved replacement of the 
rigid cardboard tray by a more flexible tray of molded pulpboard and increase in 





depth of container to 7 inches to reduce damage from overpacking sometimes neces~ 
sary to reach the desired net weight of 25 pounds. Terminal market inspection of 


1/ Pilz, Barry, and Stokes, op. cite, pe 31. 
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test shipments with the modified containers indicated an increase in the average 
percentage of "slight bruising" but that damage by “bruising” was sharply reduceds 
Data concerning comparable shipments in the standard crate were not reported for 
the second series of testse 
The above data as to the effect of packaging method on quality were ob= 
tained in studies of place-packed containers, No direct observations of arrival 
condition of containers packed with the bulk-fill method are available. Sime 
lated transit tests of bulk-filled containers packed with pears, however, indi-~ 
cate that favorable results with this method of packing pears might be expect= 


ed a2/ Similar success with bulk-fill methods of plum packing is not unlikely. 





Effect on Prices Received 


Two series of price comparisons were attempted with reference to test ship~ 
ments of place«packed cartons to the New York Auction. In the first of 16S, 
during 1955, the prices received for the most nearly comparable size of fruit 
found in the two containers-=the l; x 5 crate and the 7-row carton==indicated 
that in of a total of 11 sales compared, fruit in the carton sold at a higher 
price per pound than in the standard crate, while in the remaining 7 sales crate- 
packed fruit sold at a higher price per pound 2/ In the second series of tests, 
a total of eight price comparisons were obtained, two of which indicated a higher 
price received per pound for carton=packed plums while six sales resulted in a 
higher price per pound for crate-packed plumse2 

In reporting the above results, difficulty was recognized in obtaining 
price information on sales of fruit in the two types of container that were com= 
parable from the standpoint of time of sale, variety and size of fruit, quality 
of fruit at the time of packaging, and uniformity of shipping conditions. Some 
of the variation in prices obtained with the two types of container may have 
been attributable to inability to completely standardize the sale conditions 
described. An additional factor, not evaluated, is the effect on price of the 
difference in volume of fruit offered in the two types of container and in the 





degree to which they had been established as a conventional container. 


l/ Sommers, Noel F., "Pear Transit Simulated in Test," California Agriculture, 
vole 11, now 9, September, 1957, pe 3 


2/ Pilz, et ales Ope Cite, PPe 38-1. 


3/ California Tree Fruit Agreement, California Tree Fruit Agreement 
(Sacramento: 1955 and 1956), Tables 1-13, 
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INDUSTRY SAVINGS 


This section considers the industry savings that can be made by: (1) adop- 
ting a less costly packaging method; (2) adopting improved techniques at other 
stages; and (3) consolidation into larger plants operating more hours per seasons 





Savings with New Packaging Methods 


Complete evaluations of new packing methods requires consideration of the 
effects on returns as well as on costse Information on the quality and prices 
received for fruit packed in the different types of containers, however, is 
sparse and cannot be adequately standardized. This necessitates a comparison 
of the different containers on the basis of cost only and amounts to an assump- 
tion of equal returns per pound of fruit of a given size sold in the different 
containers 

Savings in cost with new packaging methods are based on the costs given in 
Figure 25. These unit packing costs amount to 89.6, 776, and 67el cents per 
crate equivalent for place-packing the crate, place-packing the carton, and bulk- 
filling the carton respectively. The cost savings in place-packing plums in the 
carton, compared with the standard crate, amount to 12.0 cents per crate equiva-~ 
lent. Cost savings in bulk-filling plums.in the carton compared with the crate 
amount to 22e5 cents per crate equivalents On the basis of average yearly 
volume of 1,500 cars of plums shipped interstate in 195) to 1956, industry 
savings would amount to $510,000 per year with the place=packed carton and 
$1,012,500 per year with the bulk-filled carton. Most of these savings could 
be made the first year, but some of the savings would not be effective until 





equipment items used with the crate need to be replaced. 


Savings With Other Methods Improvements 


Although the plants studied were using the low-cost methods at most stages, 
further savings could be made by adopting least-cost methods at all stagese 
Lack of complete data on actual costs in a number of plants, however, prevents 


accurate estimation of these savingSe 


Savings Through Plant Consolidation 





If each packinghouse were efficiently using the low-cost methods at each 
stage of operation, further savings would be possible for the industry by the 
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consolidation of smaller plants into fewer and larger plants, operating more 
hours per season. In most areas this consolidation would be possible without 
substantial increases in the cost of transportation from the orchard to the 
packinghouse because of the concentration of plum production and packing in 
certain areas, Since there is unlikely to be much consolidation of the output 
in ranch-pack plants-«because of other cost advantages in this type of small 





plant--and in areas of sparse production, the average savings in cost per crate 
equivalent through consolidation are applied to only 80 per cent of induetey, 
volume e 

fo estimate the savings from consolidation, plants were classified into 
three groups with capacities in crate equivalents per hour as follows: (1) under 
2003; (2) 200 to 399; and (3) 00 and over, Plants in the first group include 
about 2: per cent of sample volume. If this first group, with average capacity 
of about 10 crate equivalents per hour, could be consolidated into plants, of 
about 00 crates per hour, industry savings of 11.3 cents per crate or $98, ),00 
per year can be madee Plants in the second group pack about 7 per cent of the 
industry volume, If plants in this group, with average capacity of about 250 
crates. per hour, are consolidated into plants of about 500 crates per hour ca- 
pacity, estimated industry savings amount to 5 cents per crate or $85,000 per 
year, No consolidation was assumed.for plants in the third group with capaci-« 





ties of 100 crates per hour or mores 
Additional savings could be made by further consolidation and an increase 
in the number of hours operated per season to handle the larger volumes, For 
example, the number of hours per season might be increased from the industry 
average of about 300 hours to 50 to 500 hours per season by double-shift opera~ 
tion, If this were accomplished, savings would amount to 6.6 and 6.2 cents in 
consolidated plants of 00 and 500 crates per hour capacity respectively. Poe 
tential industry. savings from this increase in length of season would amount to 
$57,500 and $105,300 for the two plant-size groups described above. | 
Thus, total potential savings from consolidation into larger plants with 
more hours of operation per season amount to $36,200 per season or about: Tel 
cents per crate on industry volume of 500 cars per year. These estimated 
savings from consolidation are for plants packing the standard crate. Approxi~ 





mately the same savings could be made in plants place-packing or bulk-filling 
the fiberboard cartons 

The full amount of the estimated potential savings from plant consolida- 
tion could not be realized immediately, This could be accomplished only if the 
equipment and buildings-had alternative uses or as they wore out and were re- 


placed by larger plantse 
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Total Potential Savings 


Savings from plant consolidation can be made irrespective of the type of 
container packed. This amounts to about $36,000 per year or 77 cents per 
crate on industry volume, If these savings are added to the savings of place- 
packing or bulk-filling the fiberboard container, yearly industry savings could 
amount to $886,000 and $1,359,000 respectively or 19.7 and 30.2 cents per crate 
equivalent on industry volume of ),500 cars per year 


SUMMARY 


A large proportion of California plum production is shipped fresh to 
eastern markets. In most such shipments, the fruit is place-packed in the 
standard four-basket crate. Because of the transport distances, method of pack- 
aging, and quality of package required, costs are high. Over a short period 
they also. are relatively inflexible. Thus, during periods of low market price 
for plums, these costs bear with special force on producers. Important aspects 
of the packing cost are the expense of container materials and labor and equip- 





ment costs of filling the containers. This study is aimed at determining how 
the costs of packaging and other packinghouse operations are affected by the 
methods used, rate of output, length of season, and rate of culling as a step 
toward reducing the cost of these operationse 
Cost comparisons are made in terms of estimated costs based on economic and 
engineering data obtained in studies of actual plant operationse Within given 
plant stages, separate calculations are made with respect to each of the various 
methods available, The results permit determination of the relative costs of 
the various methods and selection of the most efficient method and cost of 
handling a given volume of fruit in any plant stage as well as the total cost 
involved in integrated operation of a complete plant. Separate plant cost re- 
lationships are developed for each of three methods of packaging-~place-packing 
the standard crate, place-packing a fiber board carton, and bulk-filling a 
fiberboard cartone 
The studies show in general that mechanized methods become more economical 





as plant size and length of operating season increase, For example, over the 
range of plant size and hours of operation per season applicable in plum packing, 
hand truck equipment is shown to be more economical than fork truck equipment 
for inplant transportation activities. Conveyor equipment, however, is shown 

to be more economical than hand trucks in the transportation of packed fruit 

and culls in plants of moderate to large size and with operating seasons of 
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length frequently exceeded in California plants. Similarly, mechanized methods 
of container fabrication and supply to packing stations become economical in 
plants of relatively large capacity and long operating season. This applies 
also to other types of equipment used with each type of container and packaging 
method considered and in other aspects of plant operation, 
Total plant cost relationships developed with respect to any given type of 
container are used to demonstrate the extent to which costs in efficiently or= 
ganized plants are affected by scale of output, hours operated per season, and 
per cent of culls. For example, in place~packing the standard crate in a plant 
operating 300 hours per season with a culling rate of 20 per cent, costs per 
package-~including the cost of container materials--are 93.7 cents in a small 
plant of 200 crates per hour capacity. But in a plant of 700 crates per hour 





capacity, they are only 84.8 cents per crate, while in a plant of 1,200 crates 
per hour capacity, they are 83.); cents per crate, Large plants thus enjoy a 
substantial cost advantage over small plants. This effect is most significant 
in the range of small plant size and becomes progressively less important as 
plant size increéasese 
If operations such as the above are considered in a plant of given capacity 





rate, but with length of season variable, the effect of this variation on costs 
can be determined. In a plant of 500 crates per hour capacity, for example, 
total cost per crate in a season of 100 hours! operation is $1.16. With 300 
hours! operation, the cost per crate is only 8.8 cents, and with 500 hours ! 
operation it is 80.0 cents per crate. The decreasing costs are attributable : 
to spreading fixed costs in a plant of given size over larger total season 
volumes as hours operated increase, A substantial handicap is indicated for 
plants with short-season operation, a situation that can be relieved by packing 
other commodities maturing in other periods and using essentially the same 
equipment. The effect decreases rapidly, however, as length of season increases 
and is not of great significance in plants operating 500 or more hours per seasone 
Costs are shown to increase progressively as the proportion of culls increases. 
With a 300 hour season and a plant capacity of 500 crates per hour, for example, 

a reduction in cull percentage from 20 to 10 per cent would reduce costs per 
package by about 1.5 cents, while an increase to 0 per cent culls would cause 





costs per package to rise by about h.5 cents above the level with 20 per cent 
cullse 

Comparisons of costs with different packaging methods--when based on cost 
per crate equivalent--indicate substantial savings with bulk-fill as compared 
with alternative methods of place-packinge Thus in a plant of 500 lugs per hour 
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capacity operating 300 hours per season with 20 per cent culls, total cost per 
crate equivalent with the bulk-fill packaging method are 63.9 cents ina fiber~ 
board container as compared with 7he5 cents in place-packing the carton and 
86.3 cents with the standard crate. Savings with the carton as compared with 
the crate=pack include a reduction of 6,5 cents in the costs of container mate- 
rials. 
Other aspects of the problem involve evaluation of the effect of alternative 
types of container on fruit quality and price in the terminal markete While not 
specifically covered in this report, some indications relative to these questions 
are available in other studies. Test shipment experience and laboratory transit 
tests both have suggested that place~packed cartons or bulk-filled containers can 
deliver plums of quality equal to that obtained with the standard crate. Evidence 
from other studies relative to prices received in the terminal market indicates 
mixed results. Some price advantage is indicated with sales of fruit packed in 
the standard crate, but the evidence is not conclusive particularly from the 
standpoint of relative prices that might be expected to prevail if carton=packed 
fruit were regularly available in the market in large volume, 
Potential savings in packinghouse cost were estimated in two areas: (1) 
savings through the adoption of improved containers and methods of packaging, 
and (2) savings through consolidation of plants. | 
On the basis of equal returns per pound of fruit sold in the different con- 
tainers, and for a plant size of 300 crates per hour and a 300-hour season, a 





saving of 12.0 cents per crate equivalent is indicated in place-packing pluns in 
a fiberboard container as compared with the standard crate. If the plums are 





bulk-filled in a fiberboard container, savings of 22.5 cents per crate equivalent 
might be realized. If applied to the average yearly volume of plums moved in 
interstate shipment in 195) to 1956, these savings would amount respectively to 
$50,000 and $1,012,500 per year. 
Potential savings from consolidation into larger plants would amount to 
$183,400, while gains from further consolidation by increasing the hours of 
operation per season in these larger plants would amount to $162,800. Total 
industry savings from consolidation would amount to $36,200 or about 7.7 cents 
per crate on average interstate volume in 195) to 1956. 





Gains from consolidation can be made irrespective of the type of container 
packed, If these savings are added to those possible by a change in container 
and packaging method,the totals would amount to $886,000 for the place-packed 
carton and $1,359,000 for the bulk-filled carton or 19.7 and 30.2 cents per 
crate equivalente | 
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Total season cost, thousand dollars 


100 HOURS PER SEASON 
10 


Season cost 


Si p $2414 1477 
330+ 135 L 
480 + |66L 
5 600+ I55L 


Q 
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Season cost 


A $650 +353L 
770+ 265L 
945 +334L 
1145+247L 
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L: Plant capacity, 100 field lugs per hour 
C. COMPARISONS, LOW COST METHODS 





300 HOURS PER SEASON 


10 





Season cost 





“Method 


ine) 


OF ee Be aD Neots 
A. HAND TRUCK 


Season cost 


A $itlO+533L 
8 1210+ 395 L 
C 1295+478L 
D 1495+341L 


Method 
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L: Plant capacity, |O0O lugs per hour 


B. FORK TRUCK 
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500 HOURS PER SEASON 









Season cost 


A $1181 +687L 
B 1210+503L 
8Fc 1100+634L a 
D 12204+443L 
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CS eee 
" A $I570+4713L 
B 1650+525L 
C l27 46220 
D 1845 +435L 
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Appendix Figure A. Total Season Cost Of In-plant Transportation In Hand Truck And Fork Truck Plants Using The Carton As The Packed 
Fruit Container, Shown In Relation To Capacity Rate Of Plant Qutput, Length Of Operating Season, And Transportation 
Method Used. Packing California Fresh Plums, 1955. 
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APPENDIX TABLE A 


Net Time Requirements for Transportation with 
Warehouse = Type Trucks, Minutes Per Round Trip 


e of equipment and job 


Hand Truck 
Unload highway truck?/ --Full field lugs to storage or dumper 
and empty cannery lugs to storage or cannery set-off, 0 .00659D 


Transport to highway truck or ourth --Empty field lugs from 
storage or dumper, full cannery lugs from cannery set-off 
or storage, and packed fruit from lidder set-off or from 

storage. 0.00659D 


Transport from storage--Full field lugs to dumper, empty 
cannery lugs to cannery set-off, empty packing boxes to 
box liner. 0.00659D 


Shook to boxmaker, 0,00620D 


Transport to storage=-Packed fruit from lidder and full 


cannery lugs from cannery set-off, 0 .00676D 


Empty packing boxes from boxmaker. 0 .00676D 


Empty field lugs from dumper, 0.00676D 
Fork Truck 
Unload highway truck 
Full field lugs to storage or dumper. 
Empty cannery lugs to storage or cannery set-off. 
Load highway truck 
Empty field lugs from storage or dumping station. 
Cannery lugs from storage or cannery set-off, 
Transport from storage 
Packed fruit to car and full field lugs to dumper. 


Empty cannery lugs to cannery set-off, shook to boxmaker, 
and empty packing boxes to packer supply point. 


Transport to storage 


Empty field lugs from dumper and empty packing boxes from 
boxmaker. 0.513 


Packed fruit from lidder set-off and cannery fruit from 
cannery set-off. 0.688 


Powered Hand Truck 





Transport to and from storage points--Field lugs, cannery lugs, 
packed fruit, shook, and empty packing boxes, 





a/ D = one-way distance in feet. 
b/ Distance measured from delivery or pickup point in packing house to edge of truck. 


Source: Sammet, L, Le, In-Plant Transportation Costs as Related to Materials Handling Nethods--Apple 
and Pear Packing (Berkeley: University of California, Division of Agricultural Sciences > Aericul- 


tural Experiment Station, 1953), pe 53e (Giannini Foundation Mimeographed Report No. 12.) 
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APPENDIX TABLE B 


Selected Job Descriptions and Labor Production 
Standards in Plum Packing pyerecrcees 
California, 19558 


Dump field lugs 
Hand dumping--Get field lug from stack on floor, transfer to dump stand, empty lug, and restack 
on floor. 


Hand dumping with conveyor aids--Pull field lug from set-on conveyor to dump stand, empty lug, 
and place on empty lug conveyor. 


Set on--Get field lug from stack on floor and place on conveyor to dumper. 
Set off--Receive empty lug on conveyor from dumper and stack on floor. 


Handle culls 
Fill cull lug--Take empty lug from stack on floor and place at cull collection point, fill and 
level fruit in lug, and stack full lug on floor. 


Dump culls--Get cull lug from stack on floor, empty cull fruit into road truck, and stack empty 
lug. 


Make containers 
Manual--Place crate ends into simple jig or stand, manually nail crate bottom pieces and sides 
to ends, aside completed crate, and obtain crate materials from nearby storage. 


Stitcher machine--Assemble crate materials into machine, operate machine through three 
nailing cycles, and set crate aside. : 


Standard machine--Assemble crate materials into nailing machine, operate machine, and set crate 
aside. 


End feed machine--Assemble crate sides and bottom pieces into a machine that automatically feeds 
the crate ends and nails the crate bottoms or crate side on successive cycles of the nailing 
head. 


Supply shook--Transport crate or materials from temporary storage to crate maker as needed. 


Make telescope carton--Manually fold carton bottom and telescoping lid and stack nearby. Obtain 
bundles of carton materials from nearby storage. 


Staple carton 
Obtain collapsed carton material from adjacent bundle, fold carton, staple bottom flaps, and 
aside. 


Fold down top edges of carton bottom, insert carton liner, and stack on floor or pallet; 
fold shallow carton lid and obtain carton supplies for stapler. 


Total for stapled carton. 


Supply containers 
Set off and stack container from container maker. 


Transfer empty container from conveyor to elevator, to supply chute, or to MoMorail hook. 
Transfer empty container from conveyor to adjacent temporary storage. 
Return emtpy container from adjacent temporary storage to conveyor. 


Set containers on adjustable basement elevator and adjust elevator level. 


Direct clerical 
Stamp size and net weight, stamp lot and variety on one side of container, place top pad, tally 
number of containers by size by grower, or tally number packed by each packer. 


One of the above jobs. 
Two of the above jobs. 
Three of the above jobs. 


Container closing 
Manual lidding--Manually nail lid on crate while lid is held in place by a press-type machine. 


Stitcher lidding--Place lid on crate and operate machine which drives one nail at a time in each 
end of the lid as the crate is pushed through the machine. 


Standard lidding--Push packed crate into the machine, insert lid, and press a foot pedal to 
operate the machine. 


High-speed lidding--Feeds in 1id (machine does the rest--carries the crate into the machine, 
lids, and ejects). 


Carton closing--Place shallow 11d on carton and push down until it hooks on to the flaps on the 
filled carton. 


Carloading 
Crate--Prepare car for loading, transfer 1,000 crates from conveyor or hand truck to stack in 
car, get and place gate, fabricate and place door bracing material, and squeeze load. 


Carton--Prepare car for loading, transfer 1,100 cartons from conveyor or hand truck to stack in 
ear (solid load requires no gates or bracing materiels). 


a/ Includes unit times and production standards not given in the body of the report. 


field lug 


field lug 
field lug 
field lug 


field lug 


field lug 
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Production 

standard 
units 

per hour 


b/ The approximate average net weights of filled containersare as follows: Field lug--36 pounds; field lug filled with culls--40 pounds; 
crate--28 pounds; and carton--25 pounds. The approximate inside dimensions are as follows: Field lug--24" x 14" x 7"; crate--16" 


square and 4 1/2 to 6 inches deep depending on size of fruit packed; carton--13" x 13" x 7". 


c/ Includes allowance for scheduled rest periods (approximately 4 per cent of total time) and minimum unavoidable delay. 


a/ No difference with respect to type of packed fruit containers. 

















APPENDIX TABLE C 
Replacement Cost and Percentage Annual Fixed Cost 
of Selected Equipment Items and Buildings. 
Packing California Plums, 1955 
Annual fixed cost 
as percentage of 
Selected Pepi ecemen’ £066 Replacement 
Ttem use life cost, 19550/ 
per cent dollars 
Transportation and related job 
Fork truck plus 175 paietac? 16.5 5,100 
Hand truck bees 90 
Power conveyor 
Wood rollers BSA) 290 + 9.57L 
Steel rollers 13.2 290 + 12.641 
Gravity conveyor 
Side wheel 
Regular 5.0 DUs5 4 .OOL 
For carloading Sie 1A 5 .O0L 
Steel roller 5.0 7.5 7-50L 
Cull conveyor 0.0 16.5 290 + 8.33L + 0.339WL 
Cull elevator 0.0 16.5 290 + 9.15L + oeay. 
Cull bin 6.7 13.2 3.00 per cubic foot 
Dumping 
Dumping stand 6a7 13.2 ho 
Single-lug machine dumper 6.7 as r=) 1,300 to 3,050 
Stack machine dumper eT 13.2 2,590 to 4,470 
Presizer BaF 13.2 2,000 
Grading 
Grading table 8.3 14.8 300 + 30L 
Distribution belt 8.3 14.8 28L 
Container making 
Crate 
Manual stand or jig 15 50 
Stitcher machine 13.2 1,850 
Standard machine 13.2 3,590 
Automatic end-feed machine 13.2 4,860 
Carton 
Stapling machine 1302 500 
Work bench 13.2 25 
Container supply 
Chute from mezzenine to packing line 13.2 120 
Conveyor to packers 
Gravity, two-level side 
Side wheel 13.2 8.00L 
Roller 13.2 12.00L 
Monorail 13.2 410 + 5.30L 
Elevator 
Inclined slide, chain type 4 13.2 5h0 
Cross-bar type, basement 7 1322 665 
Direct clerical 
Tally desk and materials 7 132 15 
Stamp stand and stamps rT 13.2 20 
Lidding 
Press-type manual lidder 5.0 11.5 120 
Stitcher machine 6.7 13.2 1,850 
Standard machine 6.7 19.2 2,350 
High-speed machine 6.7 13.2 4,000 
Carloading 
Car squeeze 6.7 13)2 840 
Loading ramp 6.7 Ie 60 
Miscellaneous equipment 
Minor tools and equipment 6.7 13.2 a/ 
Field lug 10.0 17-0 30 
Buildings, wood frame 3.0 10.5 8,503 + 1.684A 
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a/ Includes depreciation plus the following expressed as a percentage of replacement cost: Fixed 
repair (which allows for deterioration related to time )--1.5, except 2.0 allowed for buildings 
and field lugs; insurance--1.0, except 1.5 allowed for buildings; taxes--1.0; and interest on 
investment--3.0 (interest at 3.0 per cent equal to approximately 5.0 per cent on the undepreciated 
balance ). 


v/ In this column L = length of conveyor or belt in feet, W = width of conveyor or belt in inches, 
and A =-building floor area in square feet. Replacement is given on the basis of cost per single 
unit. | 


c/ Allows approximately 45 pallets per 100 field lugs plant capacity per hour. 


a/ See Table 18 for an itemized list of the individual items and their replacement costs. 





APPENDIX TABLE D 


Equations of Annual Fixed Charge and Variable Cost Per Hour 

in Relation to Method and Type of Transportation Equipment, 

Per Cent of Cull Fruit, and Type of Packed Fruit Container. 
Packing California Fresh Plums, 19552/ 


pe 
Annual Variable Annuél Variable Annual Variable 
Transportation method fixed cost per fixed cost per fixed cost per 
and type of equipment charge hour charge hour charge hour 
dollars 


charge 


Hand truck 
Method A--Hand trucks used 
for all jobs. 2.45 + 1.16L 2.20 + 1.40L 2.35 + 1.35L 


Method B--Hand trucks used 
for all jobs except con- 
veyor for transporting 
packed fruit to car. 105 + 48L|2.50+ .73L ‘ 120 + 35L]1-9% + 1.21L 


Method C--Hand truck for all 
jobs except conveyor and 
elevated bin for cull dis- 
posal. 1.45 + 1.19L | 315 + 55L} 1. 1.55 + 1.17L 


Method D--Hand truck for all 
jobs except conveyor for 
transporting packed fruit 
to car and for cull dis- | 
posal. 4ho + 70L|1.50+ .75L kgo + 112L A khs + 83L])1.55 + .72L 


Fork truck 
Method A--Fork trucks used | 
for all jobs. 420 + 227L | 2.60 + 1.75L ° ; | k2o + 237L] 2. 420 + 263L 


Method B--Fork trucks used 
for all jobs except con- 
veyor for transporting 
packed fruit to car. : : 650 + 185L : 550 + 200L 





Method C--Fork truck for all 
jobs except conveyor and 
elevated bin for cull dis- 
posal. 740 + 2hon |1.70 + .74L Z 890 + 257L . 770 + 262L|1.75 + .72L 


Method D--Fork truck for all 
jobs except conveyor for 
transporting packed fruit 
to car and for cull dis- 
posal. 870 + 206L ; 2001 |1.75 + -47L]1,190 + 196L]1.90 + .39L]970 + 200L}1.75 + .47L 





a/ Equations for 10 and 4O per cent culls with crates as the packed fruit container were developed by the same means described for 
Tables 3 and 4. 


b/ L = plant capacity output rate in 100 field lugs per hour. 








*L6 








APPENDIX TABLE E 


Equations Relating Annual Fixed Cost and Variable Cost Per Hour to Rate of Output 
in 100 Crate Equivalents Per Hour with 10 and 40 Per Cent Culls 
for Plum Packing Costs that Vary with the Culling Rate. 
Packing California Plums, 1955 


Stage or cost component 
and methods 


Plant transportation 
Hand truck 

A--Hand truck, all jobs 

B--Conveyor for packed fruit 

C--Mechanical cull handling 

D--Conveyor for packed fruit and culls 






Stage or component cost equation®/ | 


cost per hour 




































Fork truck 
A--Fork truck, all job 420+ 196P 
B--Conveyor for packed fruit 540 + 164P 
C--Mechanical cull handling 740 + 207P 
D--Conveyor for packed fruit and culls 870 + 





Greta! 


Dumping 


170 + 














A--Hand dumping 3+ 2P 
B--Hand dumping with conveyor aids 80 + 29P 
C--Single-lug machine dumper 185 + 5kp 
D--Stack dumper 275 + 






Miscellaneous?/ ooh + 










Administrative and genera’ 2,026 + 1,537P 


Plant transportation 
Hand truck 
A--Hand truck, all jobs 








6 + 14P 















B--Conveyor for packed fruit 120 + oP 
C--Mechanical cull handling 375 + 110P 
D--Conveyor for packed fruit and culls 490 + 







Fork truck 













A--Fork truck, all jobs 420 +  307P 
B--Conveyor for packed fruit $50 + 2hop 
C--Mechanical cull handling 890+ 333P 
D--Conveyor for packed fruit and culls 1,190 + 





Grading?/ 


195 + 









Dumping 



















A--Hand dumping 3+ 3P 
B--Hand dumping with conveyor aids 80 + 4p 
C--Single-lug machine dumper 185 + 80P 
D--Stack dumper 275 + 









Miscellaneous eculene! ooh + 





Administrative and general >/ 2,026 + 2,305P 


a/ Costs related to L--100 field lugs per hour--in the stage analysis were converted to 
costs related to P--100 crates per hour--in this table by miltiplying the cost 
coefficient of L by 0.8642 for 10 per cent culls and 1.2963 for 40 per cent culls. 


b/ No variation in method. 
c/ Not applicable. 
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